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The primary purpose of this heat transfer investigation was to 
determine quantitatively in what manner tube bundle geometry affects 
the nucleate boiling region of a tube whose single tube boiling char-
acteristics are known. 
A series of tests were conducted with horizontal tube bundles 
which produced boiling in a saturated pool of n-hexane, n-pentane, 
and a seven carbon (C 7) hydrocarbon mixture at atmospheric pressure. 
Tube bundle size and pitch were the principle independent variables 
considered. The phenomena of heater hysteresis and aging were also 
studied. 
Data are presented which indicates that aging probably is not 
a direct consequence of gas adsorption on the surface. The tube bundle 
data showed that the heat transfer coefficients for the individual 
heaters in the bundle were larger than the coefficients for the same 
heaters in single tube tests particularly in the lower portion of the 
nucleate boiling region. This increase in the heat transfer coeffi-
cient was due to a smaller ~T than normal. The amount of increase in 
a heater's heat transfer coefficient due to boiling in a tube bundle 
was a function of the number of tubes in the bundle, the relative 
position of the heater in the bundle, the pitch of ·the tubes, and the 
fluid being boiled. Also, a semi-empirical single tube nucleate boil-
ing correlation which correlates the heat flux as a function of re-
duced temperature was derived and discussed. 
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I. INTRODUCTION 
The first significant contribution to the boiling heat transfer 
field was made by Nukiyama (28) in 1934 when he qualitatively described 
the four distinct regions of the boiling heat transfer curve. The re-
tions described are: (1) convective region, (2) nucleate boiling 
region, (3) unstable film boiling or transition region, and (4) stable 
film boiling region. Figure 1 illustrates the various regions; heat 
flux is shown as a function of the temperature difference between the 
heat transfer surface and the surrounding fluid. 
In saturated pool boiling, the convective region is characterized 
by the evolution of convective currents from the heat transfer sur-
face. The currents carry hot fluids toward the liquid surface where 
evaporation occurs. The temperature difference in this region is 
rather small, approximately 5°F, for most organic liquids. 
As the temperature of the heat transfer surface is increased, 
bubbles are formed at discrete surface sites called nuclei. A fur-
ther increase in the surface temperature produces both an increase 
- in the number of active nuclei and in the frequency of bubble emission. 
The interest in the nucleate boiling region stems from the fact that 
in this region large heat transfer rates are obtained with relatively 
low temperature driving forces. Reduction of the necessary heat ex-
changer area is one advantage obtained when commercial exchangers are 
operated in the nucleate boiling region. As the heat flux is increased, 
the amount of vapor next to the heat transfer surface continues to in-
crease until at point A on Figure 1 (the critical heat flux or burn-
out point) the vapor coverage of the surface is apparently complete. 
Convection Nucleate Boiling Unstable Film Boiling 
A 
Temperature Difference, ll.T 




Once the burnout point is reached there is a rapid departure into the 
film boiling region which can result in severe equipment damage. The 
principle reason that most industrial kettle reboilers operate in the 
convective region or the extreme lower nucleate boiling region is to 
insure that the burnout point is not exceeded. The heat transfer 
rate in the transition region is reduced due to the added resistance 
of the vapor blanket on the surface. Violent bubble agitation and 
the rapid formation and collapsing of the vapor film is characteris-
tic of this region. To operate within this region. condensing fluids 
are primarily used as the heating source since an electrical heating 
source may not be employed. At point B (Liendenfrost point). the 
vapor film stabilizes although the liquid above the film remains 
in intense agitation. The heat flux now begins to increase due to 
the large temperature difference. 
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II. LITERATURE REVIEW 
Since Nukiyama first qualitatively described the boiling curve, 
there have been a vast number of investigations concerning the vari-
ous aspects and variables of boiling heat transfer. However, this 
literature review will only contain the pertinent information needed 
to establish a background in the nucleate boiling portion of boiling 
heat transfer. Thus, this discussion will be divided into the fol-
lowing categories: (A) general background for nucleate boiling; (B) 
nucleate boiling in tube bundles; and (C) nucleate boiling correla-
tions. 
A. General Background for Nucleate Boiling 
In the mid 1950's Corty and Foust (8) found that the surface 
plays an important role in nucleate boiling heat transfer. They 
noted that the surface roughness affects both the position and the 
slope of the boiling curve. For a given heat flux the temperature 
difference (surface temperature minus pool saturation temperature) 
decreased as the surface roughness increased. Also, the nucleate 
boiling initiation temperature was found to be a strong function of 
the surface roughness and the past history of the surface. The ob-
served hysteresis losses were explained as a function of the active 
site density. At a specific heat flux, the active site density de-
pended upon whether the boiling curve was being ascended or descended. 
Carty and Foust also presented a vapor entrapment model to ex-
plain the mechanism of nucleate boiling. They postulated that as a 
bubble departs from an active surface site or nuclei that liquid 
5 
rushing into the site traps a portion of the vapor and thus provides 
the starting point for the next bubble. 
Kurihara and Meyers (20) confirmed the work of Corty and Foust, 
but they found that there was a limiting surface roughness, beyond 
which, an increase in surface roughness would not affect the nucleate 
boiling curve. They also noted that aging a heat transfer surface 
reduces the hysteresis losses and allows reproducible nucleate boil-
ing curves to be obtained. It was postulated that this aging permits 
inert gases entrapped on the surface to diffuse into the liquid thus 
leaving a reproducible surface. 
In boiling organic solvents from silver, copper, and gold wires, 
Nichelson and Preckshot (27) found that the boiling curve for the 
silver and copper wires changed with time. They attributed this 
change to tarnishing of the metals. No shift was found for the gold 
wires. In their work, they encountered no hysteresis losses, and they 
stated that all previous hysteresis found by other investigators was 
due to impure fluids. But, Lyon (22) in later work noticed a hystere-
sis affect at low heat fluxes for both copper and gold heat transfer 
elements. 
With the aid of high speed photography, Clark, Strenge and 
Westwater (6) confirmed that pits and scratches were the most active 
sites. While boiling organic solvents from single and poly-crystalline 
zinc, they found that conical pits ranging in diameter from 0.0003 to 
0.0033 inches were in fact the most active nucleation sites. The re-
maining sites were identified as being at scratches, 0.0005 inches 
in width; the plastic~etal interface of their heater; and a speck 
of foreign matter. The grain boundaries of the polycrystalline zinc 
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were in no instances found to act as bubble producing sites. 
Banko££ (2,3) derived an approximate theory for predicting the 
superheat necessary to initiate boiling on various surface cavities. 
By relating the contact angle of the liquid-metal interface and the 
angle of the cavity wall, he divided surface roughness into four 
basic categories: those which are always liquid or gas filled; those 
in which complete displacement of gas by liquid is possible, but not 
vice versa; and those in which complete displacement of liquid by 
gas or vapor is possible, but not vice versa. He proposed that the 
latter two of these categories may account for some of the hysteresis 
effects occurring in nucleate boiling. 
While boiling carbon tetrachloride from artificial pits of vary-
ing geometry, Denny (9) found that the local surface roughness of the 
site (surface chemistry), and fouling of cavity walls were the most 
important variables affecting site activity. Circular pits with 
depth to diameter ratios greater than one were found to be most active 
sites. He stated that all variations in nucleate boiling were due to 
the fouling of sites. 
Griffith and Wallis (43) studied nucleation from a single cavity 
and found that'the cavity geometry was important in two ways. First, 
the cavity diameter determines the superheat needed to initiate boil-
ing; and secondly, its shape determines cavity stability once boiling 
has begun. Their investigation indicated that the contact angle was 
important primarily through its effect on cavity. stability. 
Gaertner and Westwater (14) determined that active bubble pro-
ducing site density on a flat copper heater was as high as 1130 sites 
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per square inch at heat flux of approximately three-fourths the 
critical heat flux. They showed that the heat flux was proportional 
to approximately the square root of the site flux for the flat copper 
heat transfer element. Their investigation disproved the theory held 
by earlier investigators (27,24,37) that the site population increases 
linearly with increasing heat flux. 
The nucleate boiling region has been found to be primarily a 
function of three variables: (1) thermodynamic properties of the 
boiling fluid, (2) surface roughness and/or chemistry and (3) geometry 
of the heat transfer element. But quite often, other variables such 
as gravity and orientation must be considered. By boiling water from 
a nickel surface at various reduced gravities, Siegel and Keshock (40) 
~easured bubble diameters, frequency, and growth rates and found that 
the bubble size was actually larger than that predicted by all existing 
correlations. Githinji and Sabersky (17) determined the effect of 
orientation on nucleate boiling. from a flat plate heater. Their 
data indicated that for a constant temperature difference the vertical 
position yielded the highest heat flux, the facing up position yielded 
the second highest flux, and finally the facing down position yielded 
the lowest heat flux of the three positions studied. For cylindrical 
heaters, several investigators (22,34) have found that the critical 
heat flux for the vertical position was higher than that for the hor-
izontal position. 
Recently, the effect of liquid-solid contact angle has become of 
interest. Young and Hummel (41) found that by placing Teflon spots 
on a surface the heat transfer rates, at low to moderate heat fluxes, 
were increased greatly. But in later work, they (42) found that the 
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critical heat flux for surfaces with varying densities of Teflon spots 
was either nearly the same or lower than similar surfaces which had 
only been sandpapered. 
Even though the concept of boiling heat transfer has been studied 
for many years, to date, there has not been a completely satisfactory 
explanation of why such high heat transfer rates are obtained in 
nucleate boiling with a relatively small driving force. The follow-
ing is a brief discussion of the major proposed mechanisms: 
Mechanism 1: Microconvection in the Sublayer 
This method attributes the high heat transfer rates to con-
vective velocities in a thin superheated sublayer next to the 
surface where a high degree of turbulence transfers heat away 
from the heating surface through the sublayer to the bulk liquid. 
Foster and Grief (11) disproved Mechanism 1, which was widely 
accepted by early workers (24,37), by pointing to the fact that 
if this mechanism was correct then the heat flux should be a 
strong function of the temperature difference (surface temper-
ature minus bulk liquid temperature). However, nucleate boiling 
investigations in subcooled liquids show that this is not the 
case. 
Mechanism 2: Latent Heat Transport 
It is postulated that as the bubble forms on the surface it 
absorbs its latent heat of vaporization, and then upon collapsing 
in the bulk liquid, it relinquishes the absorbed heat back to 
the liquid. Several investigators have shown that this mechan-
ism can account for only a small percentage of the total heat 
transfer (13,11). 
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Mechanism 3: Vapor-Liquid Exchange Action 
This mechanism postulates that as the bubble grows it forces 
superheated liquid from the sublayer into the bulk liquid. After 
the bubble detaches from the surface, cool liquid rushes into the 
void created by the departing bubble. Foster and Grief (11) con-
cluded that this mechanism could account for the high heat trans-
fer rates in nucleate boiling. 
Mechanism 4: Mass Transfer Through the Bubble 
It is postulated that as the bubble grows the interior of 
the bubble is exposed to a liquid microlayer which wets the sur-
face. This microlayer then vaporizes into the bubble removing 
heat from the surface. After which, the latent heat is trans-
ported to the bulk liquid when the vapor is condensed at the 
cooler top of the bubble. 
Moore and Mesler (25) critically evaluated these mechanisms in 
order to explain their experimental results. In boiling water from 
a flat surface on which a thermocouple was incorporated as an integral 
part of the surface, they found that at low to moderate heat fluxes 
the temperature of the surface occasionally drops 20 to 30°F in approx-
imately 2 milliseconds. They showed that Mechanisms 1 and 3 can not 
explain their observation. At first glance, Mechanism 3 appears to 
predict this type of behavior; but in order to obtain temperature 
fluctuationsof the magnitude observed, the temperature of the bulk 
liquid would have to be supercooled. They stated that Mechanism 4 
was consistent with their experimental results. In later photographic 
studies, Rogers and Mesler (36) found that the surface cools during 
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bubble growth and recovers during bubble departure; thus additional 
detrimental evidence against Mechanism 3 was recorded. Their conclu-
sions were consistent with those of Moore and Mesler. Support to 
Mechanism 4 was also given by Bankoff (4) when he showed that simul-
taneous evaporation and condensation at different portions of the 
bubble can account for the high heat transfer rates in subcooled 
boiling as well as saturated boiling. 
Gaertner (12) showed in his photographic study that there are 
three and possibly four regions in nucleate boiling. These regions, 
(discrete bubble region, first transition region, vapor mushroom 
region, and second transition region) are characterized by the man-
ner in which the vapor is formed. 
In view of the evidence presented, probably no single mechanism 
explains the phenomena of nucleate boiling over the entire nucleate 
boiling region; it appears that a combination of these and possible 
other mechanisms are necessary.· 
B. Nucleate Boiling in Tube Bundles 
The majority of the investigations in the boiling heat transfer 
field are concerned with the nucleate boiling region. However, the 
vast portion of the work has been concerned with boiling from either 
a single cylindrical or flat plate heating element. Evidently, most 
investigators hesitate to complicate an already complex problem by 
adding the additional variable of tube bundle geometry in their 
investigations. This lack of data has seriously hampered the de-
signing of equipment where a large number of heated tubes are re-
quired, such as kettle reboilers. 
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Early work by Abbott and Comley (1) indicated that the boiling 
behavior for tube bundles is the same as the behavior for single tubes. 
They found that, within experimental limits, the position, spacing, 
and number of tubes had no effect on the heat transfer rate. 
Robinson and Katz (35) boiled Freon 12 from a vertical row of 
four horizontal tubes. They also injected vapor into the system 
below the bottom tube in a portion of their tests. They found that 
the upper tubes have a higher heat transfer coefficient at moderate 
temperature differences than usual, but t~e effect of one tube on 
another is negligible at higher temperaturedifferences. Injection 
of vapor produced the same results (large effect at low temperature 
differences, negligible at higher ones). They also postulated that 
the AT of the system is not a measure of the agitation of the system. 
Additional refrigerants were boiled from a vertical row of four 
horizontal tubes by Myers and Katz (26) who found that Robinson and 
Katz 1 s work was consistent with their study. In both investigations, 
Katz found that the surface conditions of the tubes have a pronounced 
effect on the performance of the tube bundle. 
Gilmour (lS) analyzed data from four industrial vaporizers and 
found that the Gilmour correlation for a single horizontal tube can 
be used for tube bundles if a correction for the number of tubes in 
a vertical row is made. He predicted that there is a vapor blanket-
ing effect on the upper tubes in a bundle; therefore, the best tube 
spacing should be tubes in a square pitch rotated 450. 
Palen and Iaborek (30) attempted to correlate data from industrial 
kettle reboilers but found that by using conventional single tube 
12 
correlations there were discrepancies from 50 to 250 percent. They 
postulated that these discrepancies were caused by the following factors: 
11 1. The penalizing effect of blanketing will increase with the 
amount of vapor passing any one tube. 
2. The efficiency of a vertical tube row will be an inverse 
function of the number of tubes and also of the single 
tube boiling coefficient. 
3. The mutual blanketing effect between adjacent tubes will 
be increased with decreasing pitch. 
4. The vapor removal from the bundle will be retarded beyond 
the natural escape velocity and blanketing will increase 
rapidly with the (p-d) gap between tubes decreasing beyond 
a certain critical limit." 
Like Gilmour; Palen and Taborek concluded that a corrected single 
tube correlation was the best method for the design of kettle reboilers. 
C. Nucleate Boiling Correlations 
Although several correlations for the nucleate boiling region 
have been proposed, no general equation with an accepted reliability 
is available. This lack of reliability is probably due to two factors: 
(1) the dependence of the nucleate boiling region on surface charac-
teristics was not considered, (2) all existing correlations are theo-
retically based on Mechanism 1 or 3. However, some of the most prom-
inent correlations will be considered. 
Foster and Grief (11) proposed that Equation 1 would be appli-
cable for a wide variety of liquids. It is based on the vapor-liquid 
exchange mechanism: 
(1) 
where: cl is a function of the fluid being boiled 
cp is specific heat 
o is surface tension 
1-L is viscosity 
k is thermal conductivity 
6T is the temperature difference between 
the wall and the pool 
6P is the pressure difference corresponding 
to superheat. 
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Equation 2 was proposed by Levy (21) who predicted that it would 
correlate all fluids independent of pressure 
where: BL is an empirical function of vapor density and 
latent heat 
cp is the specific heat of the liquid. 
(2) 
Pichel (33) used the theory of thermodynamic similitude to derive 
Equation 3. 
(3) 
where: h is the heat transfer coefficient 
M is molecular weight. 
A widely used correlation by Rohsenow (37), Equation 4 was de-
rived with mechanism 1 as a theoretical basis. 
(< :11.7 lp~] . 
(4) 
where: Csf is a coefficient which depends upon the 
nature of the heating surface-fluid combination. 
L is latent heat of vaporization. 
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III. EXPERIMENTAL EQUIPMENT 
The equipment used in this investigation can be classified into 
four basic systems: (A) boiling and condensing system, Figure 2, 
(B) heating elements, Figure 3, (C) electrical system, and (D) tem-
perature measuring system. 
A. Boiling and Condensing System 
The basic boiling and condensing equipment consists of a 2.2 
gallon autoclave, a 2 gallon surge tank, a tube bundle rack, and a 
condenser. 
Pyrex of 6 inch inside diameter and 18 inches in length forms 
the lateral portion of the boiling autoclave. Cast iron plates, 1/4 
inch thick, together with Teflon seals form the end plates. The 
plates are flanged to the pyrex on each end by means of twelve 2·1/2 
inch bolts. Power leads and thermocouples were brought into the auto-
clave by passage through two Conax MHC-125-8 glands in each cast iron 
plate. 
Two aluminum disk~ each approximately 6 inches in diamete~ were 
used as tube bundle racks for holding the heating elements in the 
desired positions. One pair of disks had 1-1/4 inch threaded taps 
placed in a square pitch, 1-5/16 inch from center to center; the 
other pair of disks had 1-1/4 inch threaded taps oriented in a tri-
angular pitch also having a center to center distance of 1-5/16 inches. 
Three 12 inch brass rods held each pair of disks together, with the 
corresponding holes in each disk aligned, thus forming the aluminum 
plates into a tube bundle-rack. Threaded Teflon plugs, approximately 
15 
3/4 inch i~ length, were screwed into the aluminum disks tightly 
against the heating elements in order to support the heaters. Three 
holes were drilled in each Teflon plug: one for the power terminal 
and the remaining two for thermocouple leads. The Teflon plugs not 
only served to support the heaters but also to reduce heat losses 
from the heater ends. 
' Vapor from the pool passed through an opening in the autoclave 
and into the side of a 2 gallon surge tank as shown in Figure 2. The 
primary function of the surge tank was to provide separate means for 
the passage of the vapor and condensed liquid to and from the auto-
clave so that there was non-constricted flow of both phases. The 
surge tank was also constructed of 6 inch inside diameter pyrex. 
Condensation of the organic solvent vapors was accomplished with 
a tubular water condenser. The condenser was constructed of approxi-
mately 50 feet of 3/8 inch soft copper tubing. The condenser was held 
in a pyrex vessel similar to the autoclave. 
Auxillary heat was supplied to the syste~in order to aid in main· 
taining the liquid pool at its saturation point. by means of approxi-
mately 50 feet of 20 gauge Chromel 11A11 resistance wire. Fiberglass 
insulation was placed around the autoclave and surge tank. 
The system was equipped with a Swagelok adjustable relief valve. 
set at approximately 10 pounds per square inch. to protect against 
any sudden rise in pressure. The pressure was measured within± 0.25 
pounds per square inch with a Duragauge pressure gauge. Atmospheric 
pressure was maintained by the proper regulation of the cooling water 






Figure 2. Boiling and Condensing System 









B. Heating Elements 
Since the purpose of this study was to determine the effect of 
tube bundle geometry, four identical cylindrical heaters were used. 
The heaters were constructed from a 10-3/4 inch copper rod, 1 inch 
in diameter. The heating element itself consists of two heat treated 
lava cores, 3/8 inch in diameter and 5-3/8 inches in length. The 
two cores were joined by means of a 4-40 machine screw. Number 24 
gauge nichrome wire was wrapped onto the threaded lava cores, six 
threads per inch. Machine screws, 4-40, held the nichrome wire in 
position and also acted as the power terminals. The core was insulated 
from the 5/8 inch inside diameter copper sheath by Sauereisen Electri-
cal Resistance Cement No. 7 paste. 
Each heater was electroplated with gold in order to maintain 
the surface chemistry relatively constant. Gold plating was used 
since preliminary work with a copper heater of similar dimensions 
(7/8 inch in diameter by 10-3/4 inches in length) indicated that the 
nucleate boiling curve changed significantly with time; therefore, 
a stable surface would be difficult to acquire with the copper sur-
faces. Also, several investigators (27) have found that the nucleate 
boiling curve for gold surfaces can be reproduced easier than those 
for other metal surfaces. No speeial surface preparation of the 
copper was made other than a limited amount of polishing with sand-
paper and that preparation necessary for electroplating. 
Figure 3 shows the assembled heating element and the positions 
of the four copper-constantan thermocouples used to measure surface 
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temperature. Four 3 32 inch holes were drilled axially in the copper 
wall to a 1-1/2 inch depth. The copper-constantan thermocouples were 
silver soldered in place to minimize the contact resistance between 
the heat transfer element and the thermocouple. 
C. Electrical System 
Standard 110 volt alternating current power was supplied individ-
ually to each heater. The power dissipated in each heater was regulated 
with four variable autotransformers. Two were 0-280 volt powerstats, 
type 1256D-2P; one was a 0-120 volt type 131 powerstat; and the other 
was a 0-140 volt type 500B Standard Electronics Product Company auto-
transformer. 
The amount of heat dissipated by each heater transfer element 
was determined by measuring the voltage drop across the element and 
the current flowing through the heater. Of the four alternating cur-
rent voltmeters, placed in parallel with the heating elements, three 
were General Electric meters (type P3) which measured the voltage in 
the 0-75 volt range to within + 0.25 volts and within ~ 0.50 volts 
in the 75-150 volt region. The other voltmeter was a Weston meter 
with the same precision as the three listed previously. The alter-
nating current was measured by the placement of an ammeter in series 
with each heating element. The four meters were composed of two 
General Electric type P3 meters (~ 0.25 amperes), one Weston meter 
(~ 0.05 amperes in the 0-5 range, and~ 0.1 amperes in the 5-20 
region), and lastly another Weston meter (~ 0.1 amperes). 
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D. Temperature Measuring Apparatus 
The four 24 gauge copper-constantan thermocouples of each heater 
passed from the Conax seal to a Leeds and Northrup thermocouple switch 
which in turn was connected to a Autocomp Thermocouple Compensator, 
Model AC-II, reference junction. A 10 millivolt Digitec Digital volt-
meter, model 451, was used in conjunction with the above system. The 
procedure used for calibration of the thermocouples used in the in-
vestigation can be found in Appendix D. 
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IV. EXPERIMENTAL PROCEDURE 
In this investigation a homologous series of alkanes, (n-pentane 
and n-hexane) and a seven carbon hydrocarbon mixture, were boiled from 
tube bundles at atmospheric pressure. The number, position, and pitch 
of the heaters were the independent variables studied. 
Initially, one heater was placed in the autoclave and n-hexane 
was then added to a depth of three inches above the heater. The 
liquid was then boiled for approximately fifteen minutes in order that 
the saturation point, (boiling point), of the liquid pool could be 
attained. Once at saturation, the pool was held there by a combin-
ation of heat from the heating element and the resistance wire and 
by regulating the cooling water flow rate through the condenser. 
The power was then set at the lowest desired level, usually 15 
volts. As soon as equilibrium had been obtained, which was indicated 
by the lack of variation of the surface thermocouples, the steady 
state voltage, amperage, and temperatures were recorded. At this 
heat flux, there were only a few active sites on the heat transfer 
-surface. Consequently, the power level was increased by a desired 
amount, 10-15 volts, and once equilibrium was attained the appropri-
ate values were again recorded. This procedure was continued until 
the maximum value of the power source was reached, approximately 110 
volts. In several tests, the power was then decreased in a similar 
manner in order to measure any hysteresis loss. In all tests, the 
power was first increased so as to prevent hysteresis losses as pre-
dicted by' several investigators (8 ,20,23). 
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When the surface of the first heater had stabilized in a manner 
which allowed its nucleate boiling curve to be reproduced, it was 
replaced in the tube bundle rack by a second heater. After heater 
2 was aged, heater 1 was returned to the bundle and the two heaters 
were boiled in a tube bundle together. The two heaters were boiled 
in varying positions as shown in Table I. The power level on each 
heater in the bundle was within 2 percent throughout the investiga-
tion. The same procedure was followed in boiling heaters 3 and 4 
except that all the tubes were left in the bundle at all times. The 
heaters were left in the bundle since it was found that the presence 
of heaters not being boiled did not effect the performance of the 
heaters being boiled. The various positions of the tubes in the 
bundles can be found in Table I. Periodically, each tube in the 
bundle was boiled individually and its nucleate boiling curve mea-
sured. These check runs were performed in order to ascertain if 
the boiling curve had shifted from its original position. Thus if 
no deviation was recorded, any deviation from a heater's single tube 
curve found while boiling in a bundle was due to tube bundle geometry. 
The same procedure was followed in the tests made with the hydrocarbon 
(C7) mixture and n-pentane. 
All heaters were kept in the liquid pool at all times except 
when it was necessary to change the tube arrangement in the bundle 
or the liquid. The heaters were kept in the pool to lessen any sur-
face changes such as the adsorption of gas on the heater surface. 
The liquid in the autoclave was replaced periodically (after 6-8 hours 
TABLE I 
TUBE BUNDLE CONFIGURATIONS 
Square Pitch 










Liquids - n-pentane, n-hexane, and C7 mixture 
Triangular Pitch 











of boiling) in order that-possible thermal degradation of the flux 
would not influence the results. Analysis with a Varia, series 1520, 
chromatograph indicated that the n-pentane and n-hexane were in excess 
of 99 percent pure. The technical grade n-heptane was actually found 
to be a mixture of almost exclusively seven carbon hydrocarbons. The 
"nominal" compositions can be found in Appendix E. 
After the completion of all tests with a specific fluid, the 
tube bundle was removed from the autoclave and each tube was wiped 
first with cotton soaked in acetone and then with the next fluid to 
be boiled. 
Upon completion of the n-pentane tests in the square pitched 
tube bundle rack, the four heaters were transferred to a triangular 
pitch tube bundle rack where the effect of heater separation distance 
was studied. 
All runs were performed in sequence with Runs 1 - 38 in n-hexane, 
Runs 39 - 68 in the C7 mixture, and Runs 69 - 101 in n-pentane. The exact 
description of each test can be found in Appendix A. 
25 
V. RESULTS AND DISCUSSION 
This study was initiated primarily to determine in what manne~ 
tube bundle geometry affects the nucleate boiling region of a tube 
whose boiling characteristics are known. There have been a limited 
number of investigations concerning tube bundle geometry. None of 
these investigations considered the boiling characteristics of each 
individual tube before placement into the tube bundle. In addition 
to the primary objective, boiling with a hydrocarbon series was of 
secondary interest in order to determine if there exists a similar-
ity between the boiling behavior of the members of a homologous hy-
drocarbon series such as between 'corresponding state' fluids. 
As inferred from the objectives listed above, the discussion 
of the results will essentially consider the nucleate boiling of 
single tubes, the effect of tube bundle geometry, and the boiling 
similarity of an alkane series. 
A. Single Tube Inyestigations 
Many investigators (8,20,31,10) have found that it was necessary 
to age a heat transfer element in the liquid being boiled in order 
to form a reproducible surface. In this study, it was necessary 
to boil n-hexane from each heater approximately five to eight hours 
before reproducible runs were obtained. During this period the heat 
flux-was increased stepwise to the maximum value. Figure 4 indicates 
that three separate tests (Runs 4, 5, and 7) were needed before the 
nucleate boiling curve of heater 1 stabilized. But once a stable 
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Figure 4. Initial Aging Effects in N-Hexane 
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surface was acquired, it remained stable for the remainder of the 
n-hexane runs. A reproducible nucleate boiling curve was also ob-
tained with the initial n-pentane and C7 mixture runs. This fact 
is demonstrated by Figure 5 and 6 which show the single tube tests 
for heaters 2 and 4 in n-pentane and the C7 mixture respectively. 
Aging was not needed for the n-pentane and C7 mixture tests even 
though the tubes were removed from the liquid pool periodically to 
change heater position and liquid. The small deviations that did 
occur in a few of the check runs were believed to be the inherent 
uncertainty in boiling heat transfer which several authors (10, 31) 
have indicated to be as much as ten to fifteen percent. This in-
herent error is probably due to small surface changes. This ob-
servation demonstrates that the theory advanced by some investi· 
gators (8,10,20,31) that aging a newly immersed heater is neces-
sary because of adsorbed gases on the surface is worthy of further 
experimentation. It is thought that aging was necessary because 
of a limited amount of surface oxidation. 
Bankoff (3) attempted to explain the phenomenon of hysteresis 
by proposing that certain cavities stably switch from liquid- to 
gas-filled and vice versa. Lyon (23) relates that the usual type 
of hysteresis occurs where a nucleating site which has been active 
on increasing flux remains active down to much lower delta T1 s as 
the flux is decreased. In this investigation, hysteresis losses 
did occur particularly in the initial n-hexane runs as the data 
on Figure 7 demonstrates. However, the hysteresis losses were not 
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amount of hysteresis on a heater was found to decrease with aging 
in accordance with the finding of Kurihara and Myers (20). Also, 
the hysteresis losses appeared to be somewhat less if the heater 
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was boiling in a bundle rather than boiling alone although sufficient 
data was not recorded in order to substantiate this finding. 
Because each heater was gold plated, the reproducibility of 
the individual boiling curves, once the necessary aging had trans-
pired, was within approximately 1°F at the top portion of the curve 
particularly for the n-pentane and n-hexan~ tests. This is demon-
strated by the reproducibility of heater 4 in n-pentane as shown in 
Figure 8. In a few instances, such as heater 4 between Run 45 and 
Run 66, (see Figure 9), two sequential check runs indicated that 
the heater surface changed. However, this shift was never more 
than 2°F at the top portion of the curve and could possibly be ex-
plained by the inherent uncertainty of boiling heat transfer data 
as discussed earlier. 
The nucleate boiling curves for most heater-liquid combinations 
were of the usual type; that is, an increase in heat flux produced 
a larger delta T. However, the curves for heater 2 in n-hexane and the 
C7 mixture and heater 3 in the C7 mixture had a "S" shape in the lower 
nucleate boiling region, (see figure 10, 11, and 12). The "S" shape 
curves of this investigation were found whether the heat flux was 
uniformly increased or decreased. Since these "S" shapes were re-
producible, they should not be discounted as experimental error 
and therefore will be explained. Several investigators (8, 19, 38) 
have observed an "S" shape curve for the boiling of a variety of 
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liquid-metal combinations while using an electrically heated boiling 
apparatus. Orell (29) stated that the heat flux is a direct function 
of delta T and the active nucleation site density. He further re-
ported that the "S" shaped curve was due to an abnormal increase of 
active site density which was attributed to a disruption of the 
normal mechanism of bubble nucleation. 
As discussed previously, the power to the heating element was 
provided by ordinary 110 A.C. voltage; hence the maximum heat flux 
of approximately 8500 B. t. u. /hr ft2, which was obtainable with the 
equipment used in this investigation, was not sufficient to reach 
the critical heat flux for any of the runs. An attempt to attain 
the burnout point was made in Runs 100 and 101 while boiling n-
pentane by using 220 alternating current voltage as a power source. 
Unfortunately, in both runs the nichrome wire of the heating ele-
ment burned out at a heat flux of approximately 18,000 B.t.u./hr ft2 
before the critical heat flux was attained. However, most probably 
the heaters were extremely close to the burnout point, particularly 
in Run 100 (see Figure 13), due to the behavior of the thermocouples 
and the agitation of then-pentane pool. Also, Berenson's (5) in-
vestigations indicated that the burnout delta T could be as low as 
22°F for n-pentane which was below the maximum delta T found in 
Runs 100 and 101. 
Thermal degradation of the boiling liquid was thought to be 
possible, but analyses of the 11 new" and 11 used11 liquids was made 
on a Varia Series 1520 Chomatograph indicated that the maximum de-
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Although the amount of thermal degradation was minute, there 
was a residue found on the gold heaters when each one was cleaned 
with acetone and cotton. 
39 
When located in a square pitch, the thermocouples were predom-
inantly at the top and bottom of each heater. In recording the in-
dividual thermocouple readings, it was observed that usually the 
bottom thermocouples were approximately 0.5°F cooler than the top 
ones particularly at the middle and upper portions of the boiling 
curve. The presence of the individual thermocouple locations, top, 
side or bottom, did not effect the overall performance of the heater; 
in that, single tube boiling curves for a heater could be reproduced 
regardless of the thermocouple placements. Also, preliminary work 
indicated that once equilibrium was attained the individual thermo-
couples remained constant within approximately 0.5°F for an extended 
period of time. 
B. Tube Bundles 
In order to ascertain what effect tube bundle geometry had on 
a particular heater, single tube tests were performed on each heater 
before and after the tube bundle tests. It was assumed that if no 
change was recorded (within experimental limits) in the nucleate 
boiling curves for the single tube tests, then any deviation from 
this curve in the tube bundle tests was due to the effect of the 
tube being in the bundle. 
At the conclusion of all tests using a specific liquid, the 
single tube initial runs and check runs were plotted (heat flux 
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versus the temperature difference, average wall temperature minus 
pool temperature) for each heater; a minimum of four single tube 
tests per liquid were performed on each heater. The plots were 
studied to resolve whether any surface changes in the nucleate 
boiling curve had occurred during the single tube tests. If there 
was no surface change, as was the predominant case, a curve was 
faired through the single tube data points for each heater-liquid 
combination; henceforth, it became the reference curve for that 
particular heater-liquid pairing. Consequentially, the reference 
curves procured for each heater-liquid combination were compared 
to the appropriate tube bundle test data in order to determine 
quantitatively the effect of tube bundle geometry on the individual 
tubes. 
When boiling in a tube bundle, the heat transfer coefficients 
for the individual heaters in the bundle were larger than the heat 
transfer coefficients for the same heaters in single tube tests. 
That is, at a given heat flux the temperature difference was less 
for a heater in a tube bundle than the temperature difference for 
its corresponding single tube reference curve. The extent of this 
temperature drop varied from 0 to 12°F and depended upon the posi-
tion of the tube in the bundle, the number of heaters, the pitch, 
and fluid. Also, it was found that "dead" tubes, tubes not being 
boiled, did not affect the performance of the "live'' tubes in the 
bundle for those configurations tested. 
The temperature reduction referred to above, which is synonymous 
with a larger heat transfer coefficient, finds both support and 
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contradiction in the literature. By using data from seventeen in-
dustrial kettle reboilers, Palen and Taborek (30) found that existing 
correlations predict heat transfer coefficients as much as 250% higher 
than those actually observed on multitube bundles. They attributed 
this discrepancy mainly to the effect of vapor blanketing. Katz and 
co-workers (26, 35) boiling refrigerants from four·tubes in a 
vertical row found that the upper three heaters in the bundle had 
higher heat transfer coefficients, the extent of which depended on 
the amount of agitation in the pool. At high temperature differences 
where the agitation was large the effect was negligible, but at low 
to medium temperature differences there seemed to be an optimum 
agitation (below this optimum agitation the heat transfer coeffi-
cients were effected, but above the optimum the effect was negli-
gible). The author postulates that in general the higher heat 
transfer coefficients, lower .6T1 s, are due to a combination of in-
creased agitation and increased bubble nucleation sites or bubble 
frequency. Possibly, the convective and bubble currents increase 
the number of active sites or increase the bubble frequency from 
the existing sites. Also, it is thought that the bubble path from 
the lower tubes relative to the upper tubes may have some effect. 
The exact explanation for a heater having a higher heat transfer 
coefficient than normal in a particular test depends on the vari-
ables of the system being studied. The postulated mechanism for 
each of the primary tube bundle variables will be discussed later. 
Perhaps, vapor blanketing which several previous investigators 
(30, 15) have found will become a problem in very large tube 
bundles. 
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Several generalities can be made for nucleate boiling in tube 
bundles. The upper tubes in a bundle show more deviation from their 
normal curves than the bottom ones although in some cases the boiling 
characteristics of the bottom tubes also differ. If a heater has 
another heater immediately below it in a square pitched tube bundle 
the upper heater always has a higher heat transfer coefficient than 
usual regardless of the boiling fluid (for example, Figure 14 shows 
heater 2 in the C7 mixture). However, the extent that the upper 
tube departs from normal depends upon the liquid used and the number 
of tubes in the bundle. The increased heat transfer coefficient of 
the upper heater is probably due to increased pool agitation, which 
depends on the number of tubes in the bundle and to a limited extent 
upon the position of the tubes, from both the lower and upper tubes 
in the bundle. This increased agitation should cause either the 
bubble frequency or the number of active sites on the upper heater 
in question to increase which would account for a lower ~T than nor-
mal. Also, if a heater has another heater directly beneath it in 
the tube bundle, the bubbles from the bottom heater will affect the 
upper heater. The bubbles from the lower half of the bottom heater 
are emitted from the two tangential points on the lower heater's 
circumference. The vapor from these tangential points, which is 
approximately one-half of the vapor emitted from that heater at a 
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Figure 14. Deviation of the Tube Bundle Nucleate Boiling Curve 
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for Heater 2 in the C7 Mixture from Its Single Tube Curve 
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The force of the vapor from the lower tube's tangential points 
should cause the bubble emission from the upper tube to be increased 
thus providing the cooling effect necessary for a smaller ~T than 
normal. The divergence of the reduced properties of the boiling 
fluids should be responsible for the deviation from the norm due 
to a difference in the liquid being boiled. 
In most instances, the nucleate boiling curve for a heater in 
the bundle, when a deviation from normal occurred, seemed to approach 
the single tube curve for that heater. Figure 15 illustrates this 
observation for heater 2 in n-hexane. The point of intersection 
depends upon the magnitude of the deviation. This observation 
agrees with Katz and co-workers (26, 35). They found that there 
is an optimum agitation (below this optimum agitation the heat trans-
fer coefficients were increased, but above the optimum the effect 
was negligible). This optimum agitation is probably the point where 
the effect of agitation and vapor blanketing first counterbalance. 
These two forces counterbalance each other throughout the entire 
upper portion of the nucleate boiling curve. Also the "S" shaped 
boiling curves found in n-hexane and the c7 mixture were generally 
eliminated while boiling in a bundle especially if the heater was 
in the upper portion of the bundle (see Figure 16). The increased 
agitation of the pool due to tube bundle boiling or the increase in 
bubble frequency eliminates the abnormal increase in active site 
density which Or ell (29) reported as causing "S" shaped nucleate 
boiling curves. 
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The extent to which the nucleate boiling curves were altered, 
while boiling in the tube bundle, was a complex function of pitch, 
heater configuration, and the boiling fluid. The boiling character-
istics of each individual heater were also a factor upon the amount 
of deviation seen. Figures 17 and 18 which shows the nucleate boil-
ing curve for two different heaters in the same fluid (heaters 1 and 
3 in n-hexane) in an equivalent position in the tube bundle demon-
strates this fact. 
Position in the tube bundle was the most significant factor 
affecting the performance of a heater. However, in certain bundle 
arrangements all the tubes in the bundle were affected somewhat; 
such as n-hexane boiling from a bundle which contained four tubes. 
For the example cited above, even the bottom tubes in the bundle 
were cooler than usual. But, in most instances, only the lower 
portion of the nucleate boiling curve was cooler (see Figure 19). 
It is evident that the bubbles emitted from the upper tubes had 
no effect on the lower tubes since the bubbles rise directly to the 
liquid surface. However, the increase in convective currents from 
the upper heaters could be responsible for the reduced temperature 
effect on the lower tubes by causing the bubble frequency or the 
number of active surface sites to be increased. 
The number of tubes and their position in the bottom portion 
of the bundle had a predominant impact on the performance of the 
upper tubes. Of all heater configurations studied, the one whose 
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Figure 18. Comparison of the Tube Bundle Nucleate Boiling Curve 
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Figure 19. Deviation from the Norm of a Heater in the Lower 
Portion of the Tube Bundle in the c7 Mixture 
50 
51 
was four heaters in a square configuration {configuration 7, Table 1). 
All heater-liquid combinations exhibited some effects as a result of 
being boiled in this configuration. For example, heaters 2 and 3 
in n-hexane, the top heaters were 10-15°F cooler at the lower por-
tion and 3-SOF at the middle portion of the nucleate boiling curve 
(see Figures 20 and 21). One test, Run 19, was performed with three 
heaters in n-hexane in a vertical row. Data for the top heater 
(heater 3, see Figure 22) indicates that there was a cooling effect 
at the lower portion of the curve only; however, it is thought that 
possibly the liquid level of the pool dropped below the surface of 
the top heater in the latter portion of the test which would explain 
the lack of an effect at the upper portion of the curve. If the 
tube bundle had no heaters in the bottom portion of the bundle, 
the nucleate boiling curves for the heaters were only altered a 
very limited amount from their single tube curves. For two tubes 
in a horizontal row there was no deviation seen as Figure 23 dem-
onstrates for h~ater 4 in n-hexane. The center tube of a three 
tube horizontal row deviated a small amount as Figure· 24 shows for 
heater 2 in n-hexane. This limited effect is due to agitation and 
the convective currents and demonstrates the significance of heater 
position and its consequential bubble path. With one tube on the 
bottom of a square pitch bundle and one, two or three tubes above 
it, all heaters in the bundle can show a reaction to bundle boil-
ing. The liquid being boiled determines the extent and which tubes 
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Figure 20. Comparison of the Tube Bundle Nucleate Boiling Curve 
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Figure 21. Comparison of the Tube Bundle Nucleate Boiling Curve 
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Figure 22. Nucleate Boiling Curve for the Top Heater in a 





















HEATER NO. L! 
REFERENCE CURVE 
[!] RUN N~. 56 ,,_m 
eo 
s 10 IS 
DELT T, DEG F. 
55 
I!J 
Figure 23. Nucleate Boiling Curve for Heater 4 in a Tube Bundle 
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Figure 24. NUcleate Boiling Curve for the Center Tube in a Tube 
Bundle of Three Horizontal Tubes in N-Hexane 
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the least as Figures 25 and 26 indicate. Figure 27 demonstrates that 
if a given heater had the same relative position in two separate 
tube bundle tests, its nucleate boiling curve deviated the most 
from the norm while boiling in the larger tube bundle assuming one 
of the additional heaters in the larger bundle was not immediately 
beneath the heater in question. This result is a direct consequence 
of a larger amount of agitation in the system. 
Tubular pitch defines the distance between heaters and the rela-
tive position of adjacent heaters. Considering all the configurations 
studied, tubes in a square pitch had higher heat transfer coefficients 
than those in a square pitch rotated 45° for the fluids studied. How-
ever, the data for n-pentane indicated that the difference between 
tubes in a square pitch and a 45° rotated square pitch was not as 
large as that found for n-hexane and the C7 mixture although the 
explanation for this discrepancy is not understood. 
For triangle and diamond, configuration 8 and 9, less variation 
from the norm was seen for the top heater than for the top heaters 
in the square configuration in n-hexane and the c7 mixture. Tubes 
in a triangular bundle always showed less effect than the diamond 
configuration regardless of the boiling liquid. This is demonstrated 
by Figure 28 which shows the nucleate boiling curve for heater 2 in 
the C7 mixture. This result can be explained either by the realiza-
tion that the diamond configuration has more tubes than the triangle 
configuration or by the observation that the vapor from the bottom 
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Figure 27. Comparison of the Nucleate Boiling Curves for Heater 3 
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emitted from the tangential points of each heater. Thus, approxi-
mately one-half the vapor emitted at a given heat flux was directed 
from two points on the heater circumference. The bubbles from the 
inside tangential point of each of the lower heaters then struck 
the bottom of the upper heater, which was positioned directly be-
tween the lower heaters. Therefore, the higher heat flux can be 
explained by the added vapor-solid contact which increased the re-
sistance to heat transfer. The diamond configuration does not show 
this characteristic due to the vapor stream from the bottom heater. 
Two n-pentane runs were performed with heaters in a triangular 
pitch, triangle and diamond configurations. Figure 29 shows the 
top heater for each run. The results for the triangular pitch 
were similar to those obtained for n-pentane in a 45° rotated square 
pitch. The heaters in the ~otated square pitch were slightly cooler 
than those in the triangular pitch which would be expected since 
the heaters in a triangular pitch are closer together than those 
in a 45° rotated square pitch; therefore, vapor blanketing would 
be expected to become a more important factor for the triangular 
pitched tubes. 
C. Nucleate Boiling Correlations 
The single tube nucleate boiling correlation derived herein is 
c~ntingent upon the assumption that the nucleate boiling region for 
a particular heat transfer element is dependent upon its surface 
chemistry and roughness, geometry, and the thermodynamic properties 
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Q/A = f($,e,x> 
Where: $ is a function of geometry 
9 is related to surface chemistry and roughness 
X is a function of fluid properties 
This hypothesis has been made previously by several authors (7, 31). 
In order to obtain a workable relationship of the above function, 
several simplications must be made. The geometrical factor, which 
is generally thought to be the most insignificant, can be assumed 
to be a function of the ratio of the heating elements' diameter to 
its length. The active surface site density can simulate the sur-
face factor and chi, (x), is assumed to be a function of reduced 
temperature or more precisely: 
= F cb.T T~ X T ' T c c 
For a particular heater, the geometry and site density are the 
same regardless of the boiling liquid assuming no surface changes; 
therefore the properties of the boiling liquid should account for 
all variations of boiling from that particular heater. This is 
indeed the case as is demonstrated in Figure 30 and 31 which shows 
Huber and Hoehne's (18) benzene and dipenyl data and a portion of 
the n-hexane, n-pentane, and the c7 mixture data for heater 4. 
Since the active surface site density was not measured in this 
investigation, an alternate method had to be found to predict it. 
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Figure 30. Comparison of th~ Fluid Properties 
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Figure 31. Comparison of the Fluid Properties of N-Hexane, 
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surface. This constant is not only a function of surface site density 
but also of the tube geometry. The constant was calculated by using 
the data for a single point on the nucleate boiling curve, heat flux 
and ~T. 
Using data from each single tube heater-liquid combination, 
Huber 1 s atmospheric benzene and diphenyl data, and the majority of 
Sciance 1 s (39) atmospheric data, the following nucleate boiling 
correlation was found: 
Q/A = Csgf [ e¥c) • Tr ·lo3] 4 , (5) 
where: Csgf is a function of surface and geometry. 
Figures 32-37 indicate the manner in which Equation 5 correlates 
the above data. The n-hexane and n-pentane data appear to correlate 
better than the c7 mixture data. This is probably due to the uncer-
tainty in calculating the critical temperature of the c7 mixture. 
The proposed correlation was derived only for saturated pool boil-
ing at atmospheric pressure and standard gravity since these were 
the prevailing conditions of this investigation, but it is expected 
to be valid at higher pressures. 
The correlativity of the data for the fluids studied to their 
respective reduced properties shows that there is a similarity be-
tween the boiling behavior of a hydrocarbon series such as between 
corresponding state fluids since both have been shown to be a 
function of their reduced properties. This observation in consid· 
eration of the fact that several investigators (44, 45) have shown 
that the nucleate boiling curves for mixtures can differ widely 
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Figure 36. Comparison of the Nucleate Boiling Correlation 
with Huber and Hoehne 1 s Data 
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Figure 37. Comparison of the Nucleate Boiling Correlation 
with Sciance 1 s Data 
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To use equation 5, only the heat flux and the corresponding 
temperature difference for a single point on the nucleate boiling 
curve need be known for a specific heat transfer element in addition 
to the basic physical properties of the fluid being studied. With 
these values known, the entire nucleate boiling curve for that heat 
transfer element can be predicted regardless of the boiling fluid. 
The existing correlations of Levy (21), Rohsenow (37), Foster 
and Grief (11), and Pichel (33) were checked against representative 
n-pentane, n-hexane, c7 mixture, single tube data, and equation (5). 
As seen in Figures 38, 39, and 40, the Rohsenow equation fits 
the data in the lower one-third of the nucleate boiling region. 
However, the other correlations yield results which are in error 
by several hundred percent~ 
These large errors can be attributed to the fact that only the 
Rohsenow and the Foster and Grief correlations consider the effect 
of the surface on the nucleate boiling curve. The surface must 
be considered since several investigators (5, 8, 20) have shown 
that the nucleate boiling curve for a particular liquid can vary 
several hundred percent depending on the surface roughness. The 
large discrepancy between the Foster and Grief correlation and the 
observed data can be accounted for by observing that their corre-
lation predicts that heat flux is linear with respect to ~T; how-
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Figure 38. Comparison of Nucleate Boiling Correlations 
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Figure 39. Comparison of Nucleate Boiling Correlations 
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Figure 40. Comparison of Nucleate Boiling Correlations 









1. It is questionable whether the need to age a heat transfer element 
in order to obtain reproducible nucleate boiling curves is a dir-
ect consequence of gas adsorption on the surface. 
2. Aging the heat transfer element reduces hysteresis losses. 
3. The heat transfer coefficients for heaters boiling from a 
tube bundle are larger than the coefficients of the same heaters 
in single tube tests particularly in the lower portion of the 
nucleate boiling curve. The increase in heat transfer coeffi-
cients is due to a smaller ~T than normal. 
4. The nucleate boiling curve for a heater in a bundle appears to 
approach its single tube boiling curve. The point of inter-
section depends on the magnitude of the deviation. 
5. Generally, the heat transfer characteristics for tubes in a 
square pitch are better than for tubes in a 45° rotated square 
pitch. 
6. The amount of increase in a heater's heat transfer coefficient 
(reduction of ~T) due to boiling in a tube bundle depends upon 
its position in the bundle, the number of tubes in the bundle, 
the pitch of the heaters in the bundle, and the properties of 
the liquid being boiled. 
7. The 11 511 shaped nucleate boiling curves found in the single tube 
tests are generally eliminated while boiling in a tube bundle 
particularly if the heater in question is in the upper portion 
of the bundle. 
79 
8. If a heater has another heater directly beneath it in the tube 
bundle, the top heater will always deviate from its norm re-
gardless of the boiling fluid; whereas, if there is no heater 
beneath it, the effect will be smaller and depend on the other 
variables in the system. 
9. If all other variables are constant, the heaters in the larger 
of two tube bundles deviate from their single tube curves the 
most. 
10. The top heaters in a bundle show more of a deviation from the 
norm than the bottom heaters. 
11. N-hexane and the C7 mixture studied in this investigation show 
generally the same trends when boiling from tube bundles; 
whereas, n-pentane shows a somewhat different behavior. 
12. The single tube nucleate boiling curves for liquid hydrocarbons 

























Constant in equation 2, 
Specific heat, B.t.u./lb-°F 
Constant in equation 1, 
Constant in equation 4, 
Constant in equation 5, 
Heat transfer coefficient, B.t.u./hr ft2 °F, 
Current, amperes, 
Thermal conductivity, B.t.u./hr £t2 OF/ft, 
Latent heat of Vaporization, B.t.u./lb, 
MOlecular weight, lb/mole, 
Pressure, psi, 
Pressure difference, psi, 
Rate of heat transfer, B.t.u./hr, 
Temperature, 0 R, 
Temperature difference (Tsurface - Tpool), 0 R, 
Greek Symbols 
Surface tension, lb/ft, 
Viscosity, lb/ft hr, 
density, lb/ft3 ' 
geometrical function, 
surface factor, 




c refers to critical point. 
v refers to vapor, 
1 refers to liquid, 
r refers to reduced property. 
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RELATIVE POSITIONS IN THE TUBE BUNDLE RACKS 
Square Pitch 000 
000 
000 
0 45 Rotated Square Pitch 0 00 000 00 0 




RUN NO 1 
SQUARE P lTC H 
HEATER N 0.1 IN N-HEXANE (INITIAL RUN) 
AT POSITION 5 
READING HF.AT FLUX DF.LTA T (DEGREES FAREN) ( FHU/HR SQ FT) DLT 1 DLT 2 f)LT 3 DLT 4 AVG DLT 
1 224. 10.53 9.72 10.25 9.7?. 10.06 
2 371. 15.2R 14.63 15.24 14.84 15.00 
3 573. 21.21 20.81 21.01 21.29 Z1.C8 
4 80R. 21.53 23.'53 21.21 23.81 23.52 
5 10132. 20.33 20.53 20.01 20.57 20.36 
6 1383. 20.34 20.74 20.02 21.03 2S.53 
7 1R01. 20.69 20.7.5 20.29 20.41 20.41 
R 2183. 20.46 19.82 20.14 19.49 19.9R 
9 2562. 20.85 19.84 20.45 19.72 20.22 
10 2969. 21.'+1 ?0.77 21.09 20.37 20.<)1 
11 3406. 22.22 21.49 21.69 20.81 21.55 
12 3871. 23.01 22.41 22.21 21.80 22.36 
13 4366. ~3.40 23.20 22.1)0 22.28 22.87 
14 4945. 2 1-t-.20 24.16 23.24 23.20 23.70 
15 5462. 24.91 24.71 23.99 23.99 24.40 
16 6C59. 25.43 25.15 24. '• 7 2 Ito 51 24.139 17 6623. 25.'58 25.46 24.5R 24.66 25.07 
18 7219. ?A. 50 2n.3o 2 5. 70 2'5.90 ?~.10 
19 7794. 26.30 25.98 25.313 25.74 25.85 
2() 8666. 2'5.84 25.40 24.8~ 25.28 25.35 
21 78 32. 26.49 26.45 25.89 25.97 26.20 
22 7?04. 26.46 26.38 25.70 25.70 26.06 
?3 6637. 2h.14 26.14 25.34 25.18 25.70 
24 6025. 25.94 25.70 25.26 24.78 25.42 
25 5443. 25.54 25.26 2 tt. 9 B 24.46 25.06 
26 4890. 24.78 24.30 24.09 23.49 24.17 
27 43 77. 24.30 24.22 23.82 23.42 23.94 
28 38 71. 23.62 23.14 23.06 22.21 23.')1 
29 343?.. 23.26 22.42 22.90 21.78 22.59 
3C 2969. 22.30 21.46 21.9~ 20.69 21.61 
31 ?.554. 21.26 20.06 21.10 19.77 20.55 
32 ?.13(]. 20.91 19.42 20.23 19.30 19.97 
"33 1768. 20.31 18.66 20.31 18.42 19.42 
34 1368. 19.52 17.9"9 19.24 18.07 18.70 
~5 1070. l8.0R 17.19 18.08 17.23 17.65 36 801. 15.73 15.61 15.81 15.40 15.64 :»-
37 564. 13.99 13.99 14.20 13.95 14.03 I tv 38 367. 12.25 11.89 12.42 11.69 12.06 
39 202. 10.6'5 10.24 10.93 9.92 10.44 
RUN NO 2 
SQUARE PITCH 
HEATER NO 1 IN N-HEXANE (INITIAL RUNl 
AT POSITION 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTlJ/HR SQ FT} f)LT 1 OLT 2 OLT 3 DLT 4 AVG DLT 
1 218. 10.95 10.22 10.95 1().14 10.57 
2 3 71. 1'5.41 14.23 15.41 14.43 14.87 
3 571. 21.41 20.04 21.,3 20.04 20.70 
4 ROB. 24.99 24.46 24.7° 24.59 24.71 
5 1075. 21.08 20.'59 21.04 20.83 20.8R 
6 13R3. 21.78 20.86 21.62 20.74 21.25 
7 176F!. 21.0? 19.74 20.10 20.26 20.28 
8 ?.1.47. 21.10 19.82 20.54 19.46 20.23 
9 2576. 21.41 19.85 20.61 19.32 20.30 
10 29 A9. 21.73 2C.29 20.69 19.52 20.56 
11 33'58. 2?.. 66 21.78 21.90 20.~1 21.79 
12 3894. 23.66 23.10 22.78 21. g5 22.85 
13 4366. 24.A1 24.17 23.69 22.89 23.!34 
14 4890. 24,36 23.CJ2 ?.3.28 22.76 23.58 
15 5'+43. 25.46 25.46 24.58 2 1+. 18 24.92 
16 5960. 25.90 25.50 24.74 24.62 25.19 
17 6568. 26.12 26.04 25.16 2'5.16 25.62 
18 7219. 26.70 26.'+6 25.78 25.78 ?.6.18 
19 7R32. 26."'9 26.73 25.89 26.1"3 2 6.41 
20 8786. 27.09 26.R9 26.14 26.70 26.71 
21 7832. 26.84 26.64 25.80 2o.24 26.38 
??. 7241. 26.69 26.41 25.61 25.73 2f),11 
?~ 6637. 26.04 26.00 24,9A 2~.96 25.4(} 
24 60 25. 2'5.4R ?.5.48 24.36 24.40 24.93 
25 5443. 2'5.16 ?5.24 ?4.16 Z3.R4 24.65 
26 4969. ?.4.89 24.09 21.t)9 23.21 23.97 
27 '+366. 24.41 24.05 23.49 22.88 23.71 
2P 1P60. 23.17 2?..!)9 22.05 21..3? 22.31 
?.9 340C•. 22.41 2] • 81 21.89 20,R'5 21.74 
3(' ~HJ84, 21.Al 20.73 21.17 19.97 2C.R7 
31 2576. 20,49 19.56 2C,24 19.40 19.92 
32 2104. 1!.). 2 't 18.39 19.08 18.1q 18.73 
'33 176R. 19.?.9 18.33 18.81 113.29 lB.6R 
34 1368. 18.45 17.49 18.05 17.69 17.9? 
?5 1C70. 17.65 16.88 17.49 16.84 17.22 
36 797. 15.6'"3 15.C2 15.26 14.94 15.21 ~ ~7 1)50. 14.14 13.74 14.22 13.74 13.96 I 
'Hl ? A 1. 13.05 12. R5 13.05 12.65 12.90 w 
39 ?02. 11.53 10.59 11.45 10.31 10.97 
RUN NO 3 
SQUARE PITCH 
HEATER Nn l IN N-HEX:ANE !INITIAL RUNI 
AT POSITION 5 
READING HEAT FLUX: DELTA T !DEGREES FARENI 
I BTU/HR SO F T I DLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 
1 223. 13.27 12.14 12.95 12.14 12.62 
2 378. 18.57 16.75 18.49 16.87 17.67 
~ 588. 23.15 21.71 22.98 21.85 22o44 
4 806. 27.21 26.25 26.69 26.21 26.59 
5 1082. 21.73 21.13 21.53 21.13 21,3e 
6 1381. 20.94 20.05 20.69 20 .o 1 20.42 
7 1805. 21.19 20.15 21.23 20.43 20.75 
8 2147. 20.58 19.26 ?.0.34 19.10 19.82 q 2542. 22.1Jl zc.so 21.70 20.02 21.06 
10 ?974. 22.06 21.26 21.86 20.46 21.41 
ll 3406. 22.67 22.03 22.11 20.98 21.95 
12 3899. 24.22 23.74 23.66 22.54 23.54 
13 4395. 24.88 24.56 23.76 22.96 24.04 
14 4890. 25.53 25o09 24.25 23.73 2't. 65 15 5443. 25.70 25.30 24.42 24.18 24.90 
16 5960. 26.34 26.18 25.10 24.82 25.61 




RUN NO 4 
SQUARE PITCH 
HEATER NO 2 IN N-HEXANE (INITIAL RUN) 
AT POSITION 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 
1 218. 8. 9't 8.04 9.06 7.80 8.46 
2 378. 14.57 1, • .')8 1.4.70 13.?.B 14.06 
3 579. 18.66 17.56 !A.74 17.20 1R.04 
4 823. ?.2.41 21.32 22.37 21.15 21.81 
5 1097. l q. 6ft 18. 75 ?.C.OC 1-9.47 19.21 
6 138"3. 19.49 18.51 19.94 18. 3~ 19.07 
7 1854. 17.47 16.39 17.72 15.38 1':>.74 
A 218'3. 15.52 14.99 16.16 13.86 15.13 9 2562. lf>.24 15.47 16.84 14.38 15.74 
10 2973. 16.9'3 16.04 17.49 l't. 63 16.27 
11 345 B. 18.•}9 16.97 113.58 15. 31 17.24 
12 392?. 18.11 1f>.99 1R.55 15.3R 17.26 
13 4421. 19.08 17.51 19.28 16.02 17.98 14 5063. 19.98 18.30 20.14 16.85 lA.82 
15 56'31. 20.34 18.29 20.18 16.97 18.95 16 6111. 21.27 19.06 20.94 1B.Ol 19.82 
17 6637. 22.13 19. 1+5 21.45 18.36 20.35 
Hl 7292. 22.36 19.'5'5 21.64 lf3.66 2).55 19 7931. 22.91 19.98 22.06 19.09 21.01 20 8724. 23.97 20.68 22.61 19.84 21.77 
21 7947. 2 3 • It 8 20.0 '3 22.08 19.?.3 21.21 22 7277. 23.12 20.07 ~2.16 19.11 ?1.12 23 6637. 22.67 19.75 22.07 18.7A 20.82 
24 6C32. 2 2 • It 3 19.82 21.99 1R.54 20.70 
25 5505. 21.76 19.'55 21.40 18.26 20.24 
26 494B. 21.27 19.?.6 21.06 17.93 19.88 
27 4465. 20.99 19.18 21.07 17.45 19.67 
?. 8. 3q22. 20.27 18.74 20.51 17.29 19.20 
29 '3453. 19.83 18.82 19.R7 17. 1 3 18.91 3C 296Q. 18.75 17.87 18.99 16.74 18.09 
31 2562. lf1.43 17.95 18.43 16.5(1 17.83 32 21 81. l 7. 12 16.67 17.56 1'J.26 16.65 33 1834. 16.59 15.67 16.80 15.30 16.09 34 13 71. 16.78 16.0'5 16.69 15.4R 1h.25 35 1075. 15.81 14.80 15.73 14.1'5 15.13 
36 808. 14.00 13.55 14.12 13.23 13.73 ::x:-17 ?71. 12.92 12.43 13.16 12.23 12.68 I 
38 3 77. 10.97 lO.o9 11.22 10.44 10.83 






















RUN NO 5 
SQUARE PITCH 
HEATER Nn 2 IN N-HEXANE (INITIAL RUN) 
AT POSITION 5 
HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FT) DLT 1 DLT '2 OLT 3 DLT 4 
202. 10.26 B.RO 10.42 8.51 
370. 15.54 14.89 15.94 14.69 
564. 21.00 20.68 21.2Q 20.~2 
AO~. 25.65 24.92 25.7 3 24.72 
1072. 21.4 7 21. 11 21.6 7 20.78 
1377. 21.69 2C.CJ2 21.R9 20.24 
18 54. 19.10 18.57 19.50 17.44 
2183. 1R.63 18.03 19.40 16.82 
2562. 1A.81 18.05 19.05 16.51 
2969. 19.15 18.?.3 19.80 16.82 
3ft 2 0. l9.5R 19.02 2C.63 17.17 
'950. 20.63 19.19 21.40 17.7A 
4450. 21.44 19.Q9 22.04 18.66 
4902. 21.60 19.99 22.04 18.91 5443. 22.26 20.14 22.02 18.65 
6025. 22.95 20.46 22.55 19.10 
6637. 23.06 20.25 22.38 19 .o 1 
7?-04. 23.43 20.42 22.55 19.22 7fno. 23.93 20.76 22.93 19.75 

























RUN NO 6 
SQUARE PITCH 
HEATER NO 2 I~ N-HEXANE Cl OF 2 HEATERS) 
AT PnSITION 5 
nTHE~ TUBES ARE AT POSITIONS B 
PEADING HEAT FLUX DELTA T (DEGREES FARENl ( BTU/HR SQ FT) DL T 1 DLT 2 OLT 3 DLT 4 AVG DLT 
1 202. 7.2A 6.77 7.34 6.49 6.97 
2 364. 10.77 10.04 10.93 9.83 10.39 
3 555. 12.14 11.21 12.30 10.7? 11. 59 
4 786. 10.67 11. iH 10.67 11.56 11. 18 
5 1060. 10.99 12.69 10.99 12 ,ltlt 11.78 
6 136R. 11.31 12,85 11.!10 12.12 12.02 
7 176~. 12.61 13.86 12.97 1~.01 13. 11 
A ?.165. 13.69 14.78 14.02 13.69 14.05 
9 2'12?. 15.91 16.23 15.91 14.86 15.73 
10 2925. 17.20 17.93 17.69 16.24 17.26 
11 3'358. 18.44 18.4R 18.56 17.12 18.15 
12 3871. 19.65 19.25 19.7 3 17.72 19.09 13 4366. 1q,R1 19.53 20.53 18.16 19.51 
14 4861. 21.93 2C,12 21.57 18.88 20.62 
15 5443. 22.'t6 20.29 2l.R6 19.24 20.96 
16 59t-O. 23.1 1+ ?.0.37 ?.2.06 P1.28 21.21 17 66 7n. 23.35 20.62 22.43 19.73 ?1.'53 18 7?04. 23.87 :?0.70 22.62 19.93 21.78 19 7794. 24.62 ?1.37 23.14 20.65 22.45 
?0 aoqs. 24.81 21.32 23.17 20.64 22.49 
21 7?04. 24.24 21.03 22.84 20.'35 22.12 
22 5570. 22.06 20.75 22.52 19.71 21.49 
23 3927. 5'l.213 19.48 19.64 18.11 28.?5 24 2589. 15.26 15.91 15.38 14.41 15.24 25 1368. 10.20 11.54 10.56 10.68 10.74 2h 202. 4.59 4.')9 4.?.0 4.55 4.63 27 l96. O.R2 0.8() 0.98 o.q4 0.9C 
2fl 560. ?...74 2.83 2.87 2.83 2.82 
?.9 1070. 5.28 5.64 5.52 5.32 5.44 
'30 lfl-34. 8.49 8.98 8.53 8.37 8.59 
31 2522. 1?.?.2 13.19 12.22 11.97 12.40 32 3~58. 16.33 17.42 16.21 16.05 16.50 
33 4395. 20.78 20.30 20.70 18.77 20.14 34 5443. ?2.69 20.52 22.12 19.39 21.18 :;t> 35 6568. ~3.71 20.82 22.R3 20. 10 21.86 I 






































RUN NO 6 
squARE PITCH 
HEATER NO 1 INN-HEXANE (2 OF 2 HEATERS, 
AT PDSITION R 
OTHER TUBES ARE AT POSITIONS 5 































































































































































































































RUN NO 7 
SQUARE PITCH 
HEATER NO 2 IN N-HEXANE (CHECK RUN) 
AT POSITION 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 
1 224. 8.50 R.R7 8.?.6 8.83 8.61 
? 568. 15.72 16.69 15.72 16.53 16.16 
3 1070. 20.22 19.94 20.02 19. 53 19.93 4 1805. 20.74 20.14 20.22 19.o9 20.?.0 5 2522. 20.37 19.89 20.33 19.'36 19.99 6 '3406. .'21.41 20.69 21.65 19.48 20. A 1 7 4395. 22.75 21.42 22.B3 19.61 21.65 8 5507. 23.63 21.66 23.59 20.10 22.25 9 6o23. 24.54 22.14 24.06 20.65 22.85 
10 809'3. 25.45 22.29 24.17 21.37 2~.32 11 R61J1. 25.90 22.45 2 4. 34 21.77 23.62 
RUN NO 8 
SQUARE PITCH 
HEATER NO 1 IN N-HEXANE (CHECK RUN) 
AT POSITION 8 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FT) OLT l OLT 2 OLT 3 DLT 4 AVG OLT 
1 364. 12.21 11.52 12.37 11.28 11.84 
2 80R. 18.11 18. 11 18.35 18.03 18.20 
3 1397. 18.66 20.63 18.58 20.71 19.64 
4 2074. 19.44 21.45 19.44 21.93 20.57 
5 2901. 20.97 22.65 21.05 21.97 22.16 
6 3 P. 2C. 23.57 24.33 22.73 24.93 23.8Q 
7 48<)1. 25.54 25.38 24.54 26.01 25.37 
8 5894. 26.66 26.18 25.34 26.66 26.21 
> q 71'32. 27.42 26.87 26.35 27.66 27.07 I 10 8485. 27.86 27.22 26.90 28.10 27.52 1.0 
RUN NO 9 
SQUARE PITCH 
HEATER NO 2 IN N-HF.XANE (CHECK RUN) 
AT POSITION 5 
READING HeAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FTJ DL T l DLT 2 OLT 3 DLT 4 AVG DLT 
1 218. R.7'5 9.08 8.67 9.12 8.91 2 5n4. 17.02 18.51 16.98 18.23 17.69 3 1076. 20.78 21.02 20.45 20.58 20.71 4 1768. 22.89 21.60 2?.57 20.72 ?.1.95 5 2535, ?.1.03 ?..G.67 21.07 19.62 20.60 6 335B. 21.62 21.14 21.74 19.45 20.99 7 4366. 22.90 21.78 23.30 20.01 22.CO 8 5507. 24.62 23.02 24. q 5 21.49 23.52 9 65 81. 25.42 23.18 25.18 21.85 23,91 10 7794. 26.09 22.99 25.08 22.39 24.14 11 8273. 26.98 23.46 25.38 22.61 24.61 
RUN NO 10 
SQUARE PITCH 
HEATER NO 2 IN N-HEXANE (CHECK RUN) 
AT POSITION 5 
READING HFAT FLUX DELTA T !DEGREES FA~ENl (BTU/HR SQ FTl DLT l DLT 2 OLT 3 DLT 4 AVG DLT 





RUN NO 11 
SQUARE PITCH 
HFATER NO ?. IN N-HFXANE 
AT POSITifJN 5 
(CHECI<' RUN) 
READING HEAT FLUX OEL TA T IOEGREF.S FI\RENI AVG OLT 11\TU/HR S'1 FTI OLT 1 DLT 2 OLT 3 OLT 4 
1 ?.13. 7. 91 8.60 7.95 8.51 8.24 
2 564. 15. 42 16.47 15.34 16.:.n 15.88 
3 1060. 20.78 20.74 20.78 20.06 20.59 
4 176P,. 21.28 ?.1.36 21.16 20.2R 21.02 
5 2544. 19.94 19.86 20.4? 1A.13 19. 59 
6 3358. ?.1.76 21.88 22.32 19.96 21.48 
7 431)6. 22.63 21.87 23.03 19.98 21.88 
R 5495. 23.68 22.36 23.84 20.64 22.63 
9 672C. 24.69 22.41 24.25 21.16 23. 13 
10 7809. ?'>.78 22.82 24.67. 21.86 23.77 
11 8562. 25.93 22.81 24.65 21.8'? 23.82 
RUN NO 12 
SQUARE P!Tf.H 
HEATER NO 3 IN N-HEXI\NE (CHECK RUNI 
AT POSITION 5 
READING HEAT FLUX DELTA T IDEGRHS FARENI 
I BTU/HR SQ FT I DLT 1 OLT 2 OLT 3 DLT 4 AVG DL T 
1 218. 7.44 8.29 7. 72 8.13 7.R9 
2 378. 9. 97 11.43 11.19 11.67 11.07 
3 58?.. 13.83 15.00 14.9 6 15.08 14.72 
4 83(). 16.65 16.65 17.94 16.61 16.96 
5 1121. 17. Al l7.2'l 18.94 17.41 17.86 
(, 1441. 1R.52 17.51 19.53 17.19 18.19 
.{ 1768. 1R.01 16.81 17.41 16.73 17.24 
2147. 17.H 17.05 17.97 17.01 17.35 
q 2562. Ul.94 18.3B lfl.62 18.05 18.50 
10 2'?91. ?.0.11 19.38 19.62 19. 14 19.56 
11 3477. 20.79 20.34 20.26 19.7B 20.29 
12 3973. 21.59 21.19 20.66 20.34 20.95 
13 4498. 22.43 21.95 21.43 21.19 21.75 
14 <;018. ?.2.83 22.27 21.75 21.63 22.12 
15 5586. 23.15 22.59 22. 11 22. 11 22.49 
16 6308. 23.15 22.63 22.39 22.39 22.64 
17 6789. ~3.44 23.00 22.52 22.8B 22.96 
1B 7423. 23.36 23.07 22.71 22.87 23.00 
19 8099. 23.39 23.07 22 .rn 23.15 23.11 
?0 8!'> B6. 23.67 23.19 2'3.31 23.63 23.45 
21 7423. ?.4.07 23.39 23.39 23.'55 2 3.60 
22 6124. .'n.99 23.27 2 3. 19 23.23 23.42 
23 497R. :n. 39 22.87 22.79 22.39 22.'36 
24 3R7l. 21.98 21.70 21.37 20.93 21.50 
25 2091. 20.1)0 20.21 20.1'15 19.h9 20.36 
26 214 7. Ul.44 17.76 1fl.76 17.h4 lfl.15 
?7 1426. 1A.12 16.1'14 17.37 16. 5h 16.72 :» ZP ~13('. 11.75 14.96 15.00 15.24 14.74 I ,_. 
29 37R. 10.07 11.49 11.49 11.5B 11.16 ,_. 
RUN NO 13 
SQUARE PITCH 
HEATER NO 3 I~ ~-~EXA~E (CHECK RUNI 
H POSITIO~ 5 
REAOING HEAT FLUX DELTA T (DEGREES FARENI ( BTU/HR SQ FT I DLT 1 DLT 2 OLT 3 OLT 4 AVG DLT 
1 218. 7.68 8.78 8.34 8.62 8.36 2 582. 11+.84 16.50 16.01 1&.62 15.99 3 1121. 19.'58 19.01 20.95 19.05 19. 65 4 1752. 20.57 1A.43 21.65 1~.68 19.83 5 2562. 21.01 20.45 21.09 19.68 20.56 6 3493. 2?.11 22.05 21. 1Hl 21.32 21.84 7 44 75. 23.84 23.56 23.32 23.04 23.44 8 5505. 24.139 23.97 23.97 23.69 24.13 9 6804. 25.41 24.41 24.41 24.61 24.71 10 7985. 2'5.86 24.82 24.8? 25.D? 25.13 11 8725. 25.46 24.86 24.70 25.34 25.09 12 7386. 25.45 24.77 24.61 25.05 24.97 13 6091. 25.29 24.41 24.29 24.41 24.60 14 4906. ?4.69 23.91 23.77 23.65 2 4. 01 15 3871. 23.21 22.97 22.69 22.77 22.91 16 ?991. 22.09 21.57 21.~9 21.17 21.6A l7 2129. 20.52 19.44 21.25 19.28 20.12 18 1426. 1R.23 18 .u 19.52 11!. 07 1fl.48 19 fl30. 14.93 16.14 16.26 16.3P 15.91 20 378. 10.36 11.58 11.34 11.70 11.25 21 5 82. 13.85 15.27 15.31 15.39 14.95 22 1121. 17.96 18.21 19.09 19.21 18.37 23 1768. 20.33 19.44 21.53 19.16 20.12 24 2562. 21.69 20.4Q 21. q 3 19.97 21.02 25 341)3. 22.93 22.29 22.25 21.73 22.30 26 4475. 23.97 ?3.57 2 3.41 23.25 23.55 ?7 5505. 24.CJ7 24.05 24.09 23.8'1 24.25 2!'! 6775. 25.37 24.53 24.57 24.77 24. 81 29 R099. 25.46 24.58 24.9R 25.18 ?5.05 30 8765. 25.46 24.70 24.98 2 5. 38 25.13 
RUN NO 14 
SQUARF. PITCH 
HEATER Nn 3 IN N-HEXANE !CHECK R\INI 
AT POSIT ION 5 
RfADING HEAT FLUX DELTA T (DEGREES FARENl ( RTU/I-IR SQ FT) OLT 1 OLT 7 OLT 3 OLT 4 AVG DLT 
1 218. R.68 9.86 9.0'5 9.09 9.17 2 5 82. 15.79 17.24 17.20 17.68 16.98 3 1095. 20.83 21. OR 21.88 21.36 21.29 4 17611. 22.59 20.66 23.39 20.70 21.84 5 2522. 21. R6 21.10 22.10 20.62 21.42 6 3429. 23.27 72.79 22.'19 21.87 22.73 7 4475. 24.85 24.25 24.09 23.57 24.19 A 5505. 25.62 24.66 24.58 24.34 24.80 P> 9 6775. 25.8El ?.4.'12 24.88 24.92 25.15 I 10 ':1061. 26.01 25.21 25.25 25.73 25.55 1-' N 11 1!845. 26.17 25.17 25.77 25.97 25.82 
RUN NO 15 
SQUARE PITCH 
HEATER NO 1 J~ ~-HEXANE (CHECK RUNI 
AT P8STT 10~ 5 
READING HEAT FLUX DELTA T !DEGREES FARENI IBTU/HR SQ FTI DLT 1 OLT 2 DLT 3 DLT 4 AVG DLT 
1 218. 8.22 9.03 9.44 9.40 9.02 
2 5 82. 16.83 18.68 18.00 19.37 18.22 3 1095. 21.89 22.45 23.17 22.33 22.46 4 1768. 22.89 27..49 7.4.13 23.2Q 23.20 5 2522. 21.51 21.?.3 21.51 20.A3 21.27 6 3429. 22.35 21.91 21.79 21.71 21.94 7 4475. 24.12 23.77 23.81 21.41 23.78 8 5505. 25.24 24.48 24.56 24.16 24.61 9 66 71. 25.77 24.73 24.81 25.1~ 25.11 10 ~061. 26. 14 25.07 25.66 25.70 25.64 11 8725. 26. 15 25.11 25.71 26.03 25.75 
RUN NO 16 
SQUARE PITCH 
HEATFR NO 2 IN ~-HEXANE 11 OF 3 HEATERS) AT POSITIO~ 5 
OTHER TUBES ARE AT POSITIONS 6 8 
READING HEAT FLUX DELTA T !DEGREES FARENI I BTU/HR SQ F Tl DLT 1 OLT 2 OLT 3 DLT 4 AVG OLT 
1 218. 3.85 4.05 3.76 4.05 3.93 2 178. 8.78 8.58 9.23 11. 51 9.53 3 564. 7.59 9.86 7.67 9.70 8.71 4 797. 7.66 9.?.8 7.62 9.20 8.44 5 1070. 8.31 9.73 e. 76 9.57 9.09 6 136A. 10.09 11.06 1 o. 3 3 10.37 10.47 7 1703. 11.39 12.52 11.55 11.59 11.76 e 2045. 12.36 14.38 13.13 13.33 13.30 9 2441. 13.73 15.91 14.05 14.50 14.55 10 283A. 14.Q5 17.08 15.35 15.51 15.72 11 32 87. 15.135 17.74 16.49 16.41 16.63 12 3770. 16.94 18.39 17.26 16.74 17.33 13 42 A6. 1 B. 26 19.l4 Ul.62 17.66 18.42 14 4822. 19.03 19.59 19.19 18.22 19.01 15 53[12. 19.63 20.23 19.'ll 1A.79 19.64 16 5960. 20.60 20.96 ?.0.64 19.2 3 20.36 17 1)5"59. 21.16 21.25 20.88 19.80 20.77 18 7144. 22.01 21.81 21.77 20.05 21.41 19 7720. 21.8'l 21.65 22.01 20.73 21.57 ?.0 6567. 21.3:'1 21.17 71.53 19.65 20.92 21 53 51. 19.114 20.44 20.32 19.00 19.90 22 4314. 18.?.8 19.40 42.39 17.60 24.47 23 3337. 15.84 17.05 16.78 15.64 16.20 24 24M. 13.31 14.68 13.95 1'3.31 13.81 25 17;;>6. 11.31 12.68 11.80 11.31 11. 78 26 1C70. 8.Q2 10.01 Q.49 9.20 9.41 > 27 591. 6.73 7.-,5 7.l'l 7.38 7.26 I 2ft 218. 5.40 5.89 5.40 8.25 6.23 ,_. ..., 
RUN NO 16 
SQUARE PITCH 
HEATER NO 1 IN N-HEXANE (2 OF 3 HEATERS) 
AT POSITION 8 
OTHF.R TUBES ARE AT POSITIONS 6 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTLI/HR SQ fl) DLT 1 OLT 2 OLT 3 DLT 4 AVG OL T 
1 211. R.33 e.·:n 8.09 R.13 8.22 
2 371. 11.34 10.61 11.30 10.1)5 10.98 
3 564. 12.05 12.69 11.92 12.65 12.33 
4 7R8. 11.46 13.12 11.38 13.1?. 12.32 
5 1D70. 12.48 14.1(1 12.60 14.18 13.34 
6 1356. 13.45 15.22 12.92 15.30 14.22 
7 1768. llh 22 16.03 1'3.73 16. 11 15.02 
8 ?.l't7. 15.38 16.71 14.50 17.20 15. 95 
Q 24R2. 17.03 18.16 16.07 113.56 17.45 
10 2974. 1R.41 1g.c1 17.08 20.22 18.68 
11 3'358. 19.18 20.06 17.61 20.94 19.45 
12 38 71. 20.55 20.99 18.70 22.03 21).57 
13 43h6. 22.06 21.98 19.q? 23.18 21.76 
14 4772. 22.91 22.63 20.63 24.03 22.55 
15 5443. 23.87 23.47 21.27 24.75 ?.3.34 
16 5842. 2't.4R 24.36 22.00 2'5.40 24.06 
17 649R.. 24.81 24.61 22.57 25.96 24.49 
18 7132. 25.05 ?4.97 23.13 2.6. 41 24.89 
19 7720. 25.72 25.21 2~.89 27.00 2 5. 4h 
2C 7 2 ?9. 25.16 24.60 21.·:n 26.32 2't. 85 
21 5507. 24. 16 23.68 22.12 25.07 23.76 
22 4366. 22.12 22.51) 20.80 23.56 22.31 
23 33 5R. 19.58 20.70 18.62 21.06 19.99 
24 25?.?.. 17.13 18.14 16.21 18.18 17.41 
?.5 1821. 14.99 16.00 14.8~ 16.20 15.5C 
?6 1178. 12.72 14.26 12.89 14.30 13.54 
27 5t-.O. lO.lR 10.55 10.59 10.51 10.46 





RUN NO 16 
SQUARE PITCH 
HEATER NO 3 IN N-HEXANE (3 OF 3 HEATERSl 
!\T POSITION 6 
OTHER TUBES ARE AT POSITIONS 5 8 
READING HEAT FLUX OELTA T (OEGREES FAREN) ( BTU/HR SQ FT) OL T 1 DLT 2 DLT 3 DLT 4 AVG Dl T 
1 ?1A. 7.64 7.81 8.17 8.42 8.01 
2 3 78. 10.65 11.83 11.58 12. 19 11.56 
3 5 82. 12.04 14.02 12.131 14.02 13.22 
4 830. 12.8'3 15.05 14.12 15.49 14.38 
5 10 54. 14.30 14.70 15.51 14.70 14.80 
6 1383. 1'5.38 15.30 15.58 15.50 15.44 
7 1700. 16.07 16.72 16.43 16.60 16.45 
R 2110. 17.08 18.16 17.32 18.24 17.70 q 2483. 17.80 19.40 18.72 19.04 18.74 
10 2969. 19.93 20.97 1 19.29 20.33 20.13 
1 1 3406. 20.7A 21.58 20.22 20.86 20.86 
12 3855. 21.99 22.47 21.0 7 21.83 21.A4 















































RUN NO 17 
45 DEGREE ROTATfO SQUARE PITCH 
HEATER NO 2 IN N-HEXANE ll OF 3 HFATERSI 
liT POSIT ION 5 
OTYER TUBES ARE AT PO~JTIONS 6 B 
HEAT FL\JX 






























































RUN NO 17 





















HEATER NO 1 IN N-HEXANE 12 OF 3 HEATERS! 
AT POSITION II 
OTHFq T\JAES ARE AT POSITIONS 5 6 
9.51 




















IBTU/Hfl SIJ FTI DLT 1 
7.65 
DELTA T !DEGREES FARENI 






































































































































































RUN NO 17 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 3 1~ N-HEXANE (3 OF 3 HEATERS) 
AT POSITION 6 
OTHER TUBES ARE AT POSITIONS 8 5 




























































































































































RUN NO 18 
SQUARE PITCH 
HEATER NO 2 I~ N-HEXANE (1 OF 3 HEATERS) 
L\T POSITION R 
OTHER TU8ES ARE AT POSITIONS 7 5 


















































HEATER NO 1 I~ N-HEXANE (2 OF 3 HEATERS) 
AT POSITION 5 
OTHER TUAES ARE AT POSITIONS 7 8 
HEAT FLUX DELTA T (DEGREES FARENl (BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 DLT 4 
218. 6.26 6.39 6.43 6.43 
5 82. 13.03 13.03 12.99 13.07 
1082. 12.86 12.41 12.7R 12.57 
17 03. 13.38 12.09 13.70 12.46 
2444. 14.88 15.77 16.13 1n.33 
3301. 18.14 19.26 19.74 20.14 
4229. 20.42 22.31 21.91 22.91 
532C. 21.97 23.69 22.77 24.73 
6498. 23.27 24.67 23.63 25.83 
7059. 23.94 25.02 24.06 26.26 





























RUN NO 1A 
SQUARE PITCH 
HEATER NO 3 I~ N-HEXANE (3 OF 3 HEATERS) 
AT POSITION 7 
OTHER TUBES ARE AT POSITIONS 5 8 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) DLT 1 OLT 2 DLT 3 DLT 4 AVG OLT 
l 218. 6. S:3ft 7.24 7. 't5 7.77 7.'32 
2 5 82. l3,RR 14.52 14.68 15.17 14.56 
3 1095. 17.20 18.89 18.28 19.53 1R.4R 
4 1801. 19.61 16.32 20.(•9 17.61 18.41 
5 256?.. 19.55 17.62 20.51 19.4 7 19.29 
6 3453. 20.91 19.26 21.99 21.99 21.C4 
7 44 75. 22.87 2C.98 24.02 24.02 22.98 
R 5502. 24.09 22.21 25.13 25.05 24.12 
9 6775. 24.79 23.15 25.39 25.67 24.75 
10 7204. 24.79 23.31 25.31 25.58 24.75 
11 8845. 25.39 24.15 25.67 25.87 25.27 
RUN NO 19 
SQUARE PITCH 
HEATER NO 2 IN N-HEXANE (1 OF 3 HEATERS) 
AT POSITION 5 OTHER TUBES ARE AT POSITIONS A 2 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( RTU/HP SQ FT) DL T 1 DLT 2 DLT 3 DLT 4 AVG OLT 
1 21R. 4.65 4.00 4.52 ~.95 4.28 
2 564. 9.44 CJ,04 9.89 8.51 9.22 
3 1070. 9,92 11.30 9,Q2 10.81 10.49 
4 17C3. 11.Q'5 13.37 12.08 12.64 12.51 
5 2413. 14.?4 16.07 14 .. 78 14.74 1'>.03 
6 3311. 17.16 te.52 17.24 16.83 17.44 
7 4314. 1R,98 19.99 1CJ.06 18.18 19.05 
A 532C, 21.01 21.37 20.R9 19.52 20.70 
9 64134. 22.88 22.08 ?.2,4R 20.134 22.07 
10 7568. 24.25 22.96 23 .. 65 21 .. '32 23.04 :> 11 7883. 25.11 23.23 24.19 21.79 23.58 I 
1-' 
I.D 
RUN NO 19 
SQUARE PITCH 
HEATER NO 1 IN N-HEXANE (2 OF 3 HEATERS) 
AT POSITION A 
OTHER TUBES ARE AT POSITIONS 5 2 
READING HEAT FLUX DELTA T (DEGREES FARENl ( BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 
1 2 2'+. 6.AB 5.99 6.48 5.87 6.31 
2 573. 12.48 12.19 12.35 1?..48 12.38 
3 107C. 14.81 14.45 14.0'5 14.41 14.43 
4 l7R8. 16.28 l6.R8 15.Q1 17.24 16.5 8 
5 2562. 18. 57 1A.32 17.28 19.37 18.38 
6 3406. 20.53 20.33 18.64 21.45 20.24 
7 4424. 22.~7 22.5C) 20.3C) 23.43 22.'32 
8 5443. 24.53 24.21 2 2.13 25.17 24.01 
9 6568. 25.99 2'5.47 23.71 26.75 2 5.48 
10 7794. 26.97 26.09 24.85 27.69 26.40 
11 8174. 27.27 26.67 25.63 28.35 26.98 
RUN NO 19 
SQUARE PITCH 
HEATER NO 3 IN N-HEXANE (3 OF 3 HEATERS) 
AT POSITION 2 OTHER TUDES ARE AT POSITIONS 5 8 
READING HfAT FLUX DELTA T (DEGREES FAREN) ( RTU/HR SQ FT) DLT 1 DLT 2 OLT 3 OLT 4 AVG DLT 
1 ?18. 4.28 4.45 5.14 4.45 4.58 
2 5A2. 6.56 7.70 7.29 7.90 7.36 
3 1101. 7.78 9.52 8.67 9.93 8.98 4 17 52. 10.66 12.2R 11.92 13.41 12.07 5 2515. 14.30 15.31 15.75 16.52 15.47 
6 3406. 17.28 17.64 18.56 19.45 18.23 7 43 66. 19.59 19.35 21.23 21.47 2·J. 41 p 5443. 22.34 21.66 23.78 23.78 22.89 !l> 9 6637. 24.15 23.19 24.91 25.23 24.37 I N 10 7947. 2'3.37 24.33 25.97 26.93 25.65 0 11 8238. 25.79 24.91 26.51 27.07 26.07 
RUN NO 20 
SQUARE PITCH 
HfATF.R NO 2 IN N-HEXANE (1 OF 3 HEATERS) 
AT POSITIO"l 5 
OTHER TUBFS ARE AT POSITIONS 6 4 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQFT) DLT 1 DLT 2 OLT 3 DLT 4 AVG f)LT 
1 218. 5.50 4.85 4.85 't. 93 5.03 
2 5 82. 9.19 9.19 9. 0 3 9.39 9.20 
3 1044. 11.45 12.38 11.29 12.18 11.83 
4 1707. 14.24 13.68 14.00 13.27 13.A(I 
5 23A4. 16.14 1A.30 15.98 15.49 15.98 
6 2R17. 19.21 19.41 1R.73 18.28 1R.9l 
7 4"387. ?-1.A5 21.25 21.09 19.57 20.R9 
~ 5370. 22.136 22.02 22.18 20.30 21.84 
9 6567. 24. 19 22.87 23.23 21.07 22.84 
10 7311. 25.03 23.19 23.99 21.59 23.45 
11 789A. 25.71 23.75 24.75 22.31 24.13 
RUN NO 20 
SQUARE PITCH 
HEATER NO 1 IN N-HEXhNE (2 OF 3 HEATERS) 
AT POSITION 6 
OTHER TUBES ARE AT POSITIONS 5 4 
READING HEhT FLUX DELTA T (DEGREES FARENl ( BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 nLT 4 AVG OLT 
1 219. ().60 5.75 6.11 5.67 6.03 
2 573. 12.18 9.76 12.10 9.88 10.98 
3 1070. 14.R4 13.23 14.64 13.43 14.C4 
4 1768. 16.'l,7 16.·53 16.21 16.94 16.51 
5 2'562. 17.46 18.39 17.1 A 18.43 17.B6 
6 3333. 20.01 20.65 19.45 20.49 20.15 :;t> 7 lt4 AO • 23.06 24.10 22.38 22.78 ?.3.08 I 
8 5463. 25.15 26.03 24.07 24.59 24.96 N 
9 6630. 26.44 27.00 25.20 26.32 26.24 ...... 
10 7276. 26.87 27.47 25.55 27.23 26.78 
11 7831. 26.90 27.66 26 .1'~ 27.94 27.16 
RUN NO 20 
SQUARE PITCH 
HEATER NO 3 IN N-HEXANE (3 OF 3 HEATERS) 
AT POSJTTON 4 
OTHF.R TUBES ARE AT POSITIONS 5 6 
READING HEAT FLUX (BTlJ!HR SQ FT) DLT 1 DELTA T (DEGREES FAREN} DLT 2 DLT 3 AVG DLT 
1 ?1R. 4.45 4.17 4.45 4.42 
2 '58 2. 10.16 10.R9 11.:)5 10.70 
3 10Q5. 15.01 17.22 17.58 16.60 
4 1752. 15. Q7 16.33 16.5? 16.28 
5 2522. 17.63 18.19 19.43 18.42 
6 3392. 20.09 20.33 21.25 20.56 
7 4424. 21.90 21.90 22.70 22.16 
8 5443. 23.19 22.87 24.19 23.42 
9 6637. 24.64 23.92 2 5.40 24.65 
10 7534. 25.39 24.67 26.27 2 5. 45 
11 8007. 25.70 24.78 26.50 25.66 
RUN NO 21 
SQUARE PITCH 
HEATER NO 1 IN N-HfXANE (CHECK RtJNJ 
AT POSITION 6 
READING HEAT FLUX DELTA T (DEGREES FARENJ (BTU/HR SQ FTJ OLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 
1 214. 8.32 6.90 8.04 6.69 7.49 
2 571. 14.40 ll. 97 16.46 12.01 13.71 
3 1070. 17.42 16.29 17.38 16.33 16.85 
4 1834. Hl.03 17.15 17.43 17.35 17.49 
5 2562. 19.48 18.84 19.00 18.44 18.94 
6 3406. 21.66 .21.74 21.34 20.65 21.35 
7 4413. 23.R2 23.86 22.82 22.90 23.35 
8 5381. 25.39 25.95 24.75 24.87 25.24 
9 6498. 26.59 27.23 25.79· 26.51 26.53 
10 7794. 27.53 28.33 26.41 27.77 27.51 > 
11 8562. 27.50 28.17 26.70 28.29 I 27.67 N 
N 
RUN NO 22 
SQUARE PITCH 
HEATER NO 2 IN N-HfXANE (CHECK RUN) 
AT POSITION 5 
READING HEAT FLUX OELTA T (DEGREES FAREN) (BTU/HR SQ FT) OLT 1 OLT 2 DLT 3 DLT 4 AVG DLT 
l 218. 7.25 6.11 6.72 6.11 6.55 
2 564. 1:?.00 11.39 12.16 11.52 11.77 
3 1121. 15.80 16.44 15.64 16.40 16.07 
4 1'103. 17.07 17. 11 16.22 17.43 16.96 
5 2441. 17.62 17.B2 17.22 16.94 17.40 
6 3311. 20.09 20.29 20.01 19.~4 19.91 
7 42 8!,. 22.33 22.17 21.81 20.73 21.76 
8 5320. 24.07 23.23 23.47 22 .o 3 23.20 
9 6464. 25.35 23.99 23.99 22.54 23.97 
10 7717. 26.22 24.27 24.83 23.03 24.59 
11 8350. 26.51 24.47 25.11 23.27 24.84 
RUN NO 23 
SQUARE PITCH HEATER NO 3 tN N-HEXANE (CHECK RUN) 
AT POSITtOt-..1 4 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) OLT 1 DLT 2 OLT 3 AVG DLT 
1 218. 6.34 6.38 6.22 6.31 
2 5~2. 11.34 12.23 12.60 12.06 
3 1111. 14. R1 18.32 18.68 17.27 
4 1739. 18.06 21.15 22.19 20.47 
5 250?. 18.88 19.00 19.69 19.19 
6 3"33C. 20.57 21.02 21.70 21. 10 
7 4395. 22.62 22.70 23.91 23.08 
8 5431. 24.48 24.24 2 5. 48 24.73 
9 6n58. 25.72 2'5.16 26.52 2 5. 80 
10 7947. 26.67 25.95 27.43 26.68 > 
11 8331. 27.04 26.32 27.64 27.00 I N w 
RUN NO 24 
SQUARE PITCH 
HEATEP NO 1 IN N-HEXANE (CHECK RUN) 
AT POSITION 6 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTlJ/HR SQ FT) DLT 1 DLT 2 OLT 3 DLT 4 AVG OLT 
1 224. 8.9'3 7.46 8.RO 7.42 R.l6 
2 571. 13.83 11.56 14.0 3 11.77 12.AO 
3 107C. 17.8'3 16.34 17.91 16.30 17.09 
4 1768. 1R.54 18.01 111.25 17.97 1'3.19 5 25 85. 20.41 19.65 19.93 19.49 19.87 6 3311. 22.15 21.83 21. A 3 20.94 21.69 7 '~ 541. 24.23 24.31 23.59 23.11 23.81 R 5'507. 25.75 26.39 25.15 25.15 25.61 9 6568. 26.82 27.9C 2 6. 34 27.02 27.02 lC 786R. 27.55 28.62 26.75 28.26 27.80 11 8325. 27.71 28.75 27.07 28.55 28.02 
RUN NO 25 
SQUARE PITCH 
HEATER NO 2 I~ N-HEXANE (CHECK RUN) 
AT POSTTIO"J 5 
READING HEAT FLUX DELTA T (DEGREES FARENl ( BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 














RUN NO 26 
SQUARE PITCH 
HEATER NO 3 I~ N-HFXANE (CHECK RUN) 
AT POSITIO~ 4 
























DELTA T {OEGREES FAREN) 


































































RUN NO 27 
SQUARE PITCH 
HEATER NO 4 IN N-HEXANE (INITIAL RUN) 
AT POSITION 5 
HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 
240. 11.01 7.72 9.63 
600. 17.59 12.57 16.34 
1121. 17.36 12.12 18. 16 
1801. 19.12 13.69 20.33 
260?.. 20.46 14.'50 21.82 
3500. ?.1.78 16.23 23.B2 
4530. 21.69 17.84 25.37 
5643. 25.69 19.F31 27.13 
6156. 26.06 19.97 28.65 
6775. 26.43 ?.0.39 27.71 
7423. 26.31 20.26 27.75 
8332. 26.65 20.24 28.09 
·;7350. 26.76 20.35 27.75 
67CA. 26.03 19.86 27.?.3 
6091. 25.12 18.90 26.52 
5505. 24.19 1B.22 ?.5.63 
497B. 23.60 17.49 2 5. 20 
444R. 23.20 17.21 ~4.813 
3973. 22.12 16.45 24.52 
3500. 1:!1.12 15.56 23.64 
3035. 20.10 1''· ~7 22.74 
2625. 19.06 14.27 ?.1.47 
1801. 17.57 12.25 18.86 
1121. 15.56 10.31 15.73 
600. 13.00 8.78 12.51 
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RUN NO 28 
SQUARE PITCH 
HEATFP NO 4 I~ N-HEXANE (INITIAL RUNI 
AT POSITION 5 
HFAT FLUX DELTA T (DEGREES FARENI ( BTU/HR <;Q FTI OLT l DLT 2 OLT 3 
229. 10.98 8.87 10.29 
60C. 1~.57 13.61 16.7'3 
11 :n. 17.05 13.53 19.15 
176~. 17.72 13.94 20.25 
2562. 18.44 15. 14 22.50 
34 77. 20.08 1'5.98 n.41 
4547. 22.77 18.20 25.3'3 
54 74. '24,Q7 19.85 26.97 
611A. 26.06 20.58 27.89 
6706. 26.67 21. 11 28.39 
7277. 26.95 20.94 28.54 
829?. 26.65 20.65 2A, 'H 
7947. 27.16 21.07 28.95 
667l. 25.84 20.07 27.59 
'5505. 24.~6 18.62 26.28 
4?79. 22.06 16.92 ?5.1~ 
1'327. 20.55 16.12 23.7Q 
?571. 18.1'1') 14.~8 21.70 
1448. 14.87 10.51 15.52 
8'51. 12. 1'3 7.67 12.09 
RIJN NO 29 
SO !JAR F PITCH 
HFATFR NO 4 I~ ~-HEXANE (INITIAL PUN) AT PflSITtrlN 5 
HFAT FllJX DELTA T IDFGRFFS FAH.ENI 
I RTIJ/HII SQ FT I OLT l OLT 7 OLT ~ 
2?.Q, lO,Q<; 7.<.)') l 0. l 0 
~CO'•• 1 'i. l Q 11· 71 15.15 1121. lQ,AO 14.44 19.60 
lll\3. 18.0~ P. 76 18.31 
2<;6?. lA,71 14,93 21.75 
"453. ?Q.'i2 16.91 24.47 
4421. ?3. 21 18.~2 ?.5,AC 
54 74. ?'1.27 19,1\o 27.17 
66??,, n.A7 ?.1.~6 28,1C 
7314. 21.~? ?l,l\(1 28.1)9 






















































RUN NO 30 
SQUARE PITCH 
HEATER NO 2 IN N HEXANE (1 OF 4 HEATERSl 
AT POSITION 5 
OTHER TUBES ARE AT POSITIONS 6 4 8 
HEAT FLUX DELTA T {DEGREES FAREN) (BTU/1-lR SQ FT) DLT 1 DLT 2 OL T 3 DLT 4 
218. 7.22 6.12 6.94 4.90 
5 89. 13.23 A.23 R.76 7.gz 
1079. 10.18 10.54 10.3f3 9.93 
1703. 11.68 12.57 12.12 11.80 
247?... 14.47 14.43 14.27 14.11 
3?.86. 12.88 16.50 16.38 16.21 
42 57. 18.98 17.94 18.02 17.70 
52 58. 20.41 19.53 19.45 19.29 
6025. 21.36 19.96 19.RO 19.60 
6531. 21.88 20.84 20.8 4 20.44 
7274. 22.55 20.95 20.137 20.159 
7776. 22.79 ?..1.19 21.55 ;n. 19 
5953. 21.52 19.84 20.24 19.84 
3802. 17.85 17.37 17.00 17.45 





















RUN 1110 30 
SQUARE PITCH 
HEATER 1110 1 I Ill N-HEXANE 12 OF 4 HEATERS) 
AT POSlTION 4 
OTHJ:R TUBES ARE AT POSITIONS 5 6 8 
READING HEAT FLUX OELT/1. T IOFGRE'ES FI\RENI ( RTU/HR SO r:: Tl DLT 1 nLT 2 OLT 3 
1 218. 5.qo 4.46 5.Bfl 
2 57'01. 10.05 9.49 10.54 
., 107(' • 12.77 12.53 13.42 
4 1703. 14.87 14.'10 15.43 
5 24';0. 16.40 16.20 t7.60 
6 3331. 1'3.90 18.62 19.86 
7 4?.03. ?.0.90 21.46 21.74 
8 5258. ?.2.76 23.36 23.24 
9 6059. 23.75 23.87 23.71 
10 65 A 1o 24.43 24. 7l 24.35 
11 7260. 25.02 25.06 24.86 
1?. 7712. 24.9? 25.09 25.01 
13 5993. ?'1.59 23.51 23.59 
14 3735. 19.97 20.09 20.21 
15 ?1'14. 1 <;. 7l 14.83 15.<J1 
RUN NO 30 
SQUARE PITCH 
HEATER NO 3 IIIJ ~-HEXANE 13 OF 4 HEI\TERS) AT POSITION 6 
OTHER TIJF\FS ARE AT POSITIONS 















15. 8 3 
B 4 5 
READING HEAT FLUX DELTA T (OEGREFS FARENI 
I BTU/HR SQ FT l OLT l OL T 2 OLT 3 
1 2lfl. 4.90 5.52 '5. ::17 
2 c:;n. 11. A4 11.71 11.55 
3 1082. 14.43 12.12 14.'39 
(+ 11:150. 1'1.25 13.57 13.21 
5 2 5 82. 14.95 15.51 15.5 1 
6 3500. 16.'19 17.98 18.1R 
7 44 7';. 18.82 19.90 2C.18 
A 5534. 20.7.1 21.17 21.41 
9 6156. 20.76 21.76 21.97. 
1C 6635. 21.08 22.03 22.23 
1 1 7240. 21. 51 22.59 22.A3 
12 7871. 21. C) 5 23.06 23.06 
13 6136. 20.AO 21.72 21.76 
14 3857. 17.97 18.57 18.89 





































RUN NO 30 
SQUARE PITCH 
HEATER N~ 4 I~ N-HEXANE (4 OF 4 HfATERSl 
AT PflSITI0\\1 B 
OTHER TUBES ARE AT POSITIONS 4 5 6 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FTl DLT 1 DLT 2 DL T 3 AVG DLT 
1 229. 3.36 1.15 2. 74 2.42 2 5 75. 7.38 4.29 7.87 6.51 3 1127. 12.73 R.15 13.1R 11.36 4 1757. 16.44 12.73 18.93 16.04 5 25 6?.. 17.35 13.58 19.92 16.95 6 3453. 1q.69 15.69 22.09 19.16 7 4480. 21.34 17.25 23.57 20.72 R 5443. 22.32 17.65 24.15 21. 3R 9 6012. 22.68 17.68 24.59 21.65 10 64913. 23.31 18.04 24.74 2 2. 04 11 7132. 23.98 18.16 25.57 22.58 12 7675. 24.69 18.51 26.0 5 23.09 13 5894. 22.83 17.56 24.43 21.61 14 3687. 19.29 15.52 21.97 18.93 15 2117. 14.63 11.09 16.56 14.09 
RUN NO 31 
SQUARE PITCH 
HEATER NO 2 IN N HEXANE (1 OF 4 HEATERS) 
AT POSITION 5 
OTHER TUBES ARE AT POSITIONS 6 8 4 
READING HEAT FLUX DELTA T (DEGREES FARENl (BTU/HR SQ FT) Dl T 1 DLT 2 OLT 3 DLT 4 AVG DLT 
1 21R. 9.00 8.11 R.72 5.92 7.94 2 5 R?.. 9.9B 9.37 10.31 9.45 9.78 3 1044. 11.51 11.47 11.19 11.07 11.31 4 1703. 12.56 13.65 12.64 13.33 13.05 c:: 2464. 15.63 15.23 14.87 14.95 15.17 ::x> 
.. · 























RUN NO 31 
SOUARE PITCH 
HEATER NO 1 IN N-HEXANE (2 OF 4 HEATERS) 
AT POSITION 4 
OTH=R TUBES ARE AT POSITIONS 5 6 8 
HEAT FLUX DELTA T (DEGREES FARENl (BTU/HR SQ FT} DLT 1 DLT 2 OLT 3 
;?18. 6. 16 5.27 6.41 564. 11.99 12.01 14.11 1070. 15 •. 23 14.87 15.27 1703. 15.34 14.46 15.42 2493. 17.21 16.68 17.73 333 7. 19.73 19.45 20.21 4314. 21.67 20.59 22.15 5326. 23.69 23.77 23.41 6532. 24.91 ?.4.71 24.35 7641. 25.46 25.46 24.74 
RUN NO 31 
SQUARE PITCH 
HEATER NO 3 IN N-HEXANE (3 OF 4 HEATERS) 
AT POSITION 6 












HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FT} DLT 1 DL T 2 DLT 3 












































RUN NO 31 
SQUARE PITCH 
HEATER NO 4 IN N-HEXANE (4 OF 4 HEATERS) 
AT POSITION 8 OTHER TUBES ARE AT POSITIONS 4 5 6 
HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) DLT 1 OLT 2 DLT 3 
22q. 2.86 1.76 3.27 
5 91. 10.63 7.34 1 0. 8 3 
1108. 12.69 9.08 13.R2 
176R. 14.58 13.04 18.64 
2499. 17.3'3 13.70 19.18 
33 64. 19.26 15.69 21.39 
4366. 21. 50 17.02 23.42 
5349. 2?..27 18.0? 24.14 
6498. 23.75 18.46 24.91 
7645. 24.99 18.98 26.18 
RUN NO 32 
SQUARF: PITCH 
HEATER NO 4 IN N-HEXANE (CHECK RUN) 
AT POSITION 8 
HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 
229. 6.74 4.38 5.72 
591. 12.07 8.58 11.95 
1133. 19.43 13.62 1R.75 
1772. 16.32 12.73 17.49 
2 562. 17.76 15.43 21.18 
33AC. 19.()9 15.83 22.22 
44AO. 22.19 17.61 24.40 
5475. 23.36 18.38 2 5. 04 
656B. 2/t. 58 19.04 26.15 



























RUN NO 33 
SQUARE PITCH 
HEATER Nn 2 INN HEXANE (1 OF 4 HEATERS} 
AT Pr:lSITTON 4 
OTHER TUBES ARE AT POSITIONS 5 7 8 
RE=ADING HEAT FLUX DELTA T (DFGREES FARENl (!3TU/HR SQ FTl DLT 1 DLT 2 DLT 3 DL T 4 AVG DLT 
1 207. 2.54 1.35 2.78 1. 15 1.96 
2 560. 7.59 5oF18 7.3q '5.36 6.56 
3 10 57. 9.14 9.18 9.?2 8.20 8.93 
4 1768. 9.RB 8.511 9.55 8.33 9.08 
I) 248?. 12.76 ll.42 12.?.3 10.q7 ll.R5 
6 3311. 15.95 14.90 15.35 14.34 15.14 
7 4312. 19.16 17.34 17.95 16.86 17.83 
8 5288. ?0.53 19.16 19.77 18.56 19.50 
9 641)8. 22.10 20.54 20.66 19.89 20.80 
10 7568. 22.37 20.80 21.28 20.28 21.18 
RUN NO 33 
SQUARE PITCH 
HEATER NO 1 IN N-HEXANE (Z OF 4 HEATERS) AT POSITION R 
OTHER TUBES ARE AT POSITIONS 7 4 5 
READING HEAT FLIJX DELTA T (DEGREES FARfN) (BTU/HR SQ FT) DLT 1 DLT 2 OLT 3 OLT 4 AVG DLT 























RUN NO 33 
SQUARE PITCH 
HEATER NO 3 IN N-HEXANE (3 OF 4 HEATERS) 
AT POSITION 5 
OTHER TUBES ARE AT POSITIONS A 7 4 
HEAT FLUX DELTA T (DEGREES FAREN) (fHU/HR SQ FT) DLT 1 DLT 2 DLT 3 
218. 3.20 3.81 4.22 
5 6't. 5.72 6.94 7.06 
1070. 7.06 8.28 8.04 
1736. q.3l 10.49 10.77 
24R2. 13.16 13.61 13.85 
3348. 15.10 15.75 15.83 
4312. 16.42 16.66 17.03 
5412. 18.43 18.59 19.16 
6451. 20.41 20.01 20.33 
7534. 21.20 21.12 21.56 
RUN NO 33 
SQUARE PITCH 
HEATER NO 4 IN N-HEXANE (4 OF 4 HEATERS) 
AT POSITION 7 












HEAT FLUX DELTA T { 0 E G R E E S F AR EN ) ( BTU/HR SQ FT) DLT l OLT 2 OLT 3 
2?9. 3.93 1.64 2.58 
58?. 7.75 3. ft8 6.17 
1070. 13.68 6.66 11.74 
1736. 11.30 6.95 ll.f>2 
2482. 13.93 9.11 15.06 
33"3~. 16.'52 11.Cl 17.49 
4312. 19.48 13.27 19.!=39 52AB. 21.49 16.18 23.30 
6485. 24.07 1R.61 25.5'5 





















22.75 ~ I 23.15 w 
.;.. 
RUN NO '34 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 2 JN N HEXANE (1 OF 4 HEATERSl 
AT POSITION 5 OTHER TUBES ARE AT POSITIONS 6 8 9 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) OLT 1 DLT 2 OLT 3 DL T 4 AVG DLT 
1 ?15. 7.RR 6.62 A.oo 5.97 7.12 
2 555. 9.71 9.39 10.28 9.06 9.61 
3 10 57. 10.35 10.23 11.00 9.54 10.28 
4 1768. 13.26 12.46 13.59 11.81 12.78 
5 2482. 16.50 15.17 ln.lO 14.32 15.52 
6 3311. 19.72 18.27 19.07 17.8 3 18.72 
7 4339. 21.82 20.61 21.22 19.81 ?.O.A6 
8 5320. 23.81 21.61 22.21 21.01 22.16 
9 6464. ?.4.R6 23.?.6 23.26 22.06 23.36 
10 7666. 26.15 .23.99 24.31 23.03 24.37 
RUN NO 34 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 1 IN N-HEXANE (2 OF 4 HEATERS) AT POSITION q OTHER TUBES ARE AT POSITIONS A 5 6 
READING HfAT FLUX DELTA T (DEGREES FAREN) ( BTU/4R SQ FT) f1LT 1 DLT 2 OLT 3 DL T 4 AVG DLT 
1 218. 8.82 6.99 9.07 6.91 7.95 
2 564. 13.20 1?..35 14.01 11.82 12.94 
3 1070. 13.84 15.57 14.12 14.40 14.48 
4 170'3. 15.48 16.85 15.84 16.57 16.18 
5 2441. 18.15 1A.03 17.8 3 17.A3 17.96 
6 3325. 20.h4 19.44 19.92 19.48 19.87 
7 4257. 22.22 20.09 21.17 20.77 2l.C6 
8 5320. 2?.30 21.33 21.90 21.98 ~2.13 :> 
9 6450. 24.46 22.54 23.18 23.66 23.46 
I 
w 
10 7643. 25.03 23.23 24.15 25.19 24.40 \.n 
RUN NO 34 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 4 IN N-HEXANE (4 OF 4 HEATERS) 
AT POSITIO~ 8 
OTHER TUAES ARE AT POSITIONS 5 6 9 
READING HfAT FLUX DELTA T (DEGREES FARENl (BTU/HR SQ FT) DLT 1 DLT 2 OLT '3 AVG DLT 
1 218. 7.37 '5.49 6.88 6.58 
2 564. 10.Q7 7.43 10.76 9.72 
3 1070. 14.04 8.61 13.23 11.96 
4 1736. 14.80 8.81 14.11 12.57 
5 2433. 17.35 10. 19 16.70 14.75 
6 3335. 19.16 11.89 19.88 16.98 
7 4283. 20.98 14.17 22.75 19.31 
8 5320. 23.35 16.96 25.~8 22.()7 
9 6498. 25.03 18.65 26.95 23.55 
10 7607. 25.95 19.78 28.35 24.70 
RUN NO 34 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO '3 IN N-HEXANE (3 OF 4 HEATERS) 
AT POSITION 6 
OTHER TUBES ARE AT POSITIONS 9 B 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HP. SQ FT) OLT 1 DLT 2 OLT 3 Dl T 4 AVG DLT 
1 ;?A4. 6.71 7.24 8.26 6.63 7.21 
2 5 7""3. 10.64 12.47 12.30 12.14 11. 89 
3 108?. 12.lit 13.51 13.19 13.27 13.03 
4 1736. 13.83 15.20 15.00 14.92 14.74 
5 2461. 16.50 17.23 17.39 16.50 16.90 
6 3333. 18.83 19.11 19.24 18.43 18.90 
7 433Cl. 21.66 20.94 21.26 20.46 21.0P. 
~ 53C}4. 22.71 21.71 22.31 21.10 21.96 > 
9 6602. 23.27 22.67 24.()7 22.87 23.22 I w 
10 7615. ?.3.67 23.19 23.99 23.03 23.47 0\ 
RUN NO 35 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 2 IN N-HEXANF. (CHECK R.lJN) 
AT POSITION 5 
READING HEAT FLUX OfLTA T (DEGREES FARENI (BTU/HR SQ !=T) DLT 1 OLT 2 DLT 3 DLT 4 AVG OLT 
1 ?14. 11.19 9.0Q 11.5 6 8.40 10.06 
2 564. 16.70 15.00 17.59 14.15 15.86 
3 1060. 19.98 ~0.50 20.02 1q.94 20.11 
4 176R. ~0.69 22.2'5 21.0 5 21.85 21.46 
5 248?. 2'3.68 2.3.07 23.27 ?..2.79 23.20 
6 3335. 22.50 21.13 21.57 ?.1.01 21.55 
7 4312. 23.77 21.69 22.41 21.69 22.39 
B 5320. 24. 86 22.46 23.38 22.'34 23.26 
9 6 1~so. 25.09 22.9f) 23.65 22.52 23.56 
10 7575. 25.78 23.53 22.5 7 22.93 23.70 
11 8249. 25.86 23.58 24.50 22.82 24.19 
RUN NO 36 
45 DEGREE ROTATEO SQUARE PITCH 
HEATER Nn 3 IN N-HfXANE (CHECK RUN) 
AT POSITION 6 
READING HEAT FLUX DELTA T (DEGREES FARfNJ (BTU/HR SQ FTl OLT 1 DLT 2 DL T 3 DLT 4 AVG DLT 
1 21R. 7.73 9.12 9.12 7.93 
8.47 
2 ':i B2 • 12.66 13.52 14.?.5 12.95 13.34 
3 1095. 15.36 16.85 16.37 15.84 16.11 
4 1736. 16.76 17.12 17.61 16.23 16.93 
5 2515. 17.27 17.75 17.47 16.94 
17.36 
6 3432. 19.56 19.80 19.52 18.88 19.44 
7 4328. 20.67 2C.67 20.39 19.55 20.32 
8 5412. 22.08 21.92 21.RO 21.08 21.72 
9 6637. 21.21 22.R9 23.05 22.25 22.85 > 
lC 7833. 23.77 23.73 23.89 23.01 23.60 I 
11 8448. 24.62 24.22 24.74 23.82 24.35 
VJ 
'-1 
RlJN NO 37 
45 DEGREF ROTATED SQUARE PITCH 
HEATER NO 1 INN-HEXANE (CHECK RUN) 
AT POSITION 9 
READING HF~T FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FT) DLT 1 DLT 2 [)L T 3 OLT 4 AVG OLT 
1 21R. q.~R 8.76 10.43 7.qr::; 
9.18 
2 '5 82. 14.50 12.63 15.35 12.43 
13.73 
3 1070. 18.07 17.5R 13.47 17.2A 17.95 
4 1703. 19.26 17. en 19.10 17.29 18.4C 
5 2433. 17.84 16.11 17.56 15.fl3 
16.84 
6 3311. 20.02 17.77 19.21 17.77 18.69 
7 42 57. 21.46 19.41 20.78 20.14 20.45 
8 525A. 22.A8 20.63 21.84 21.44 21.65 
9 6429. 23.72 22.16 23.32 23.24 2 3. 11 
10 7606. 24.37 22.R1 24.3 3 24.2q 23.95 
11 8095. 25.05 23.53 24.85 25.25 24.67 
RUN NO 38 
45 DF.GREE ROTATED SQUARE PITCH 
HEATER N8 4 IN N-HEXANE (CHECK RUN) 
AT POSTTlO~ 8 
READING HEAT FLlJX DELTA T CDEGREES FAREN) ( RTU/HR SQ FT) DLT 1 DLT 2 OLT 3 AVG DLT 
1 215. A.23 4.59 6.31 5.71 
2 586. 13.42 9.83 13.50 12.25 
3 109C. 18.69 13.51 19.34 17.18 
4 1 RV~. 20.04 16.01') 23.54 19.R9 
5 2625. 19.01') 12.67 19.29 17.02 
6 3420. 20.35 13.08 Z'J.67 1R.04 
7 4'36A. 21.76 15.15 23.37 20.10 
8 544'3. 22.80 16.76 25.17 21.58 ~ 
9 6498. 25.313 19.31 27.46 24.06 I 
10 7794. 26.71 20.75 28.61 25.37 w 






















RUN NO 39 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 1 IN N-1-iEXANE (CHECK RUN) 
AT POSITION 9 
HEAT FLUX DELTA T {DEGREES FARFN) (BTU/HP. SQ FT) DL T 1 DLT 2 DLT 3 DLT 4 
573. 12.70 11 • OR 13.4 3 11.20 
1703. 17.64 15.13 lfl.l7 1'5.34 
3311. 20.66 18.16 20.33 19.37 
4398. 22.78 20.77 22.3A 22.62 
5320. 22.98 ?0.89 22.42 22.94 
6429. ?.4.75 23.06 24.47 25.67 
8174. 25.82 24.17 25.62 26.98 
RUN NO 40 
SQUARE PITCH 
HEATER NO 2 I~ C7 MIXTURE (INITIAL RUN) 
AT POSITION 5 
HfAT FLUX DELTA T !DEGREES FAREN) ( BTU/HQ SQ FTl DL T 1 DLT 2 OLT 3 DLT 4 
191. 1'5. 43 12.80 l't.39 12.72 
52 A. 19.71 17.54 19.79 18.16 
1014. ~0.68 28.60 29.68 28.52 
1617. 34.91 32.32 33.75 32.48 
2321. 'B.46 30.22 32.15 30.10 
3146. 26.19 22.49 24.45 22.95 
4039. 26.60 22.90 24.60 23.02 
5103. 27.91 23.94 25.52 23.98 
62 57. 28.91 24.83 26.41 24.87 
7488. 29.59 25.08 26.70 25.08 

























RUN NO 41 
SQUARE PITCH 
HEATER NO 1 lN C7 MIXTURE (lNITIAL RUN) 
AT POSITION 4 
READING HEAT FLUX DELTA T (DEGREES FARFN) (BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 DLT 4 AVG DLT 
1 218. 12.23 10.83 11.95 10.75 11.44 2 '364. 29.67 26. ::n 29.71 26.16 27.94 3 1057. 29.50 25.72 29.69 25.6R 27.65 4 1670. 29.33 26.44 29.40 26.5') 27.93 5 24?1. 26.27 27.04 26.04 27.08 26.61 6 3264. 26.76 26.19 26.07 26.03 2F,.26 7 42.58. 27.11 27.31 26.46 26.84 26.93 8 5208. 27.27 27.42 26.R4 27.07 27.15 Q 6463. 27.54 27.92 27.27 27.84 27.64 10 7259. 27.88 28.50 27.76 28.69 28.21 11 7979. 28.23 28.61 28.23 29.19 28.56 
RUN NO 42 
SQUARE PITCH 
HEATER NO 3 IN C7 MIX. (INTTIAL RUN) 
AT POSITION 6 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FT) DLT 1 DLT 2 OLT 3 DLT 4 AVG DLT 
1 207. 15.53 16.77 16.66 16.70 16.42 2 5'55. 10.03 31.73 ~1.'50 31.58 31.21 3 1044. 21.80 22.76 23.23 22.84 2?..66 4 171"'7. 25.18 25.76 26.53 26.03 25.R7 5 2441. ~8.76 29.64 30.07 30.03 29.62 6 3287. 29.49 '30.07 30.91 31.14 30.40 7 4?12. 24.78 25.17 26.09 26.32 25.59 8 5320. 24.50 25.27 25.85 26.31 25.48 > 9 6533. 25.24 26.01 26.67 27.13 26.?6 I 10 7644. 26.60 27.10 27.52 28.02 2 7. 31 +"" 11 8329. 27.07 27.57 28.07 28.49 27.80 0 
RUN NO 't3 
SQUARt= PITCH 
HEATER NO 4 IN C7 MIX. (INITIAL RUN) 
AT POSITION 13 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ fT) DLT 1 DLT 2 DL T 3 AVG DLT 
1 218. R.20 7.69 3.79 6.56 
2 564. 10.43 10.51 6.38 9.11 
3 1076. 20 ·'•4 20.9R 14.60 18.67 
4 1703. 25.8?. 26.48 18.53 23.61 
5 24'tl. 25.84 27.10 17.97 23.70 
6 3352. 24.72 25.49 16.51 22.24 
7 4219. 25.22 26.34 17.51 2 3. 0 3 
8 5214. 25.'t5 26.80 18.36 23.54 
9 6408. 26.53 28.00 19.60 24.71 
10 7200. 29.92 31.54 23.03 28.16 
11 7938. 30.96 32.50 23.88 29.11 
RUN NO 44 
SQUARE PITCH 
HEATER NO 2 IN C7 MIX. (INITIAL RUN) 
AT POSITION 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FT) DLT 1 OLT ?. OL T 3 DLT 4 AVG DLT 
1 1 q 5. 16.17 14.92 17.80 15.43 16.08 2 515. 26.81 25.22 26.65 25.53 26.05 1 1049. 2'3.27 20.95 2 3. 2 3 21.07 22.13 4 1f74. 30.76 29.57 30.11 29.53 29.99 5 2401. 34.95 32.37 33.99 3?..60 33.48 6 3216. 2A.60 25.33 27.52 25.B3 26.82 7 4176. ?.6.61 22.84 24.80 2?..95 24.30 8 5134. 27.10 23.64 25.60 23.72 25.07 9 6367. 28.89 24.73 2 6. 42 24.53 26.14 > 10 7639. 29.65 25.30 26.96 25.15 26.76 I 11 8871. 31.31 26.61 28.27 26.42 28.15 +" t-' 
RUN NO 45 
SQUARE PITCH 
HEATER NO 1 IN C7 MJX. (INITIAL RUN) 
AT POSITION 4 
READING HF.AT FLUX ( BTU/HR SQ F T) DLT 1 
DELTA T (DEGREES FAREN) 
DLT 2 OL T 3 DLT 4 AVG DL T 
1 218. 12.41 11.44 12.22 11.09 11.79 
2 546. 26.?.0 22.96 26.39 23.15 24.68 
3 1057. 23.71 21.82 23.74 21.78 22.76 
4 1670. 26.59 25.28 26.28 24.59 ?5.6R 
5 2406. 28 • .132 ?..6.97 ?8.51 27.05 27.84 
6 3264. 2Fl.42 27.69 27.92 27.89 27.98 
7 4214. 2A.42 28.69 28.11 28.54 28.44 
8 5196. 2 s. 70 29.16 28.39 29.20 28.A7 
9 63 95. 29.13 29.55 28.86 29.74 29.32 
10 7179. 29.05 29.55 28.82 29.82 29.31 
11 8093. 29.24 29.70 29.16 30.16 29.57 
RUN NO 46 
SQUARF PITCH 
HEATER NO 3 IN C7 MIX. (INITIAL RUN) 
AT POSITION 6 
READING HEAT FLUX DELTA T (DEGREES FAREN) ( BTlJ/HR SQ FT) DLT 1 DLT 2 OLT 3 OLT 4 AVG DLT 
1 21'3. 14.C8 14.70 14.39 14.39 14.39 
?. 555. ?5.06 ?6.8Fl 26.14 27.18 26.36 
3 1057. 21.29 22.33 22.72 22.79 22.28 
4 1689. 26.28 26.24 27.78 27.12 26.85 
5 2426. 29.30 29.18 30.C7 30.07 29.66 
6 3264. 30.?3 30.73 31.27 31.34 ?0.89 
7 42 57. 28.06 28.36 29.17 29.44 28.76 
8 5320. 27.28 27.'t7 28.28 28.59 27.91 
9 6546. ?..7.13 27.32 28.13 28.40 27.74 > 
10 7422. 27.66 28.05 28.59 29.05 28.34 
I 
.p. 
11 85 6?.. 213.60 29.06 29.79 30.45 29.47 N 
RUN NO 47 
SQUAPE PITCH 
HEATER NO 4 IN C7 MIX. (INITIAL RUN) 
AT POSITION 8 
REAOING HEAT FLUX DELTA T (DEGREES FAREN) (8TU/HR SQ FT) DLT 1 DLT 2 DLT 3 AVG DLT 
1 21R. 10.21 5.35 8.54 8.04 
2 5 82. 13.70 8.88 13.31 11.96 
3 1070. 17.17 11.60 18.33 15.70 
4 1703. 23.36 17.15 24.97 21.83 
5 245q. 24.81 17.25 26.89 22.99 
6 3308. 25.19 17.17 26.04 22.80 
7 4148. 26.00 18.41 26.92 23.78 
8 5196. 26.,4 19.33 27.61 24.43 
9 63 60. 26.96 19.94 28.26 25.06 
10 7529. 28.81 21.77 30.05 26.88 
11 A220. 29.23 21.99 30.50 27.24 
RUN NO 48 
SQUARE f>I TCH 
HEATER NO 2 IN C7 MIX. (INITIAL RUN) 
AT PllSITION 5 
READING HEAT FLUX DELTA T (DEGREES FAREN) (BTU/HR SQ FTJ DLT 1 DLT 2 DLT 3 DL T 4 AVG OLT 
1 196. 15.24 13.72 14.89 14.07 14.48 
2 7 61-t. 28.62 24.76 2R.04 25.15 26.64 
3 1637. 30.65 27.76 30.22 27.95 29.15 
4 2401. 3Q.Q4 26.79 29.2 5 26.59 28.39 
5 3226. 27.58 23.46 25.58 23.35 24.99 
6 4093. 27.32 23.01 2 5. 3 2 23.05 24.67 
7 522 h. 28.21 24.01 25.97 23.97 25.54 
8 6319. 29.98 25.44 27.36 25.17 26.9Q 
9 7603. 30.27 25.50 27.27 24.88 26.98 :x> 10 8902. 32.48 27.67 29.29 27.32 29.19 I 
11 687q. 30.67 26.01 27.78 25.62 27.52 ~ 
12 5196. 28.69 24.30 26.38 23.99 25.84 w 
13 3719. 27.23 22.61 24.92 22.42 24.30 
14 2082. 26.78 23.58 25.39 23.50 2ft. 81 
15 748. 22.32 19.66 21.67 19.66 20.83 
RU~ NO 49 
SQUARF PITCH 
HEATER NO 1 I~ C1 MIX. IHIITIAL RUN) AT POSITHJN 4 
READING HEAT FLUX OELTA T IDEGRFES FARENI (RTU/HR SQ FTl DLT 1 DLT 2 OLT 3 DLT 4 AVG DL T 
1 218. 14.76 13.91 14.60 13.67 14.24 2 786. 29.41 25.94 29.44 25.98 27.69 3 1670. 32.11 ~1.42 32.42 31.3fl 32.00 4 2401. 30. 19 28.CJ6 29.88 29.04 29.52 5 3284. 28.55 28.32 21.14 28.32 28.23 6 4148. 29.01 2A. 18 28.6 3 28.63 28.16 7 5264. 28.81 28.97 28.43 28.89 28.77 A 6394. 29.29 29.59 28.98 29.67 29.38 9 1213. 29.52 29.83 ?.9.29 30.02 2CJ.66 10 7864. 29.63 29.94 29.40 30.32 29.82 11 6986. 29.83 29.94 29.52 30.25 29. flC) 12 4565. 29.06 29.06 2fl.52 29.21 28.96 13 2706. 27.83 26.29 27.14 26.37 26.91 14 1339. 23.12 21.42 22.6CJ 21.81 22.26 15 3 55. 13.09 11.38 12.54 11.23 12.0fl 
RUN NO 50 
SQUI\RE PITCH 
HEATER NO 3 1~ C1 MIX. !INITIAL RU"'I AT POSIT FIN 
" 
RFAfHr4G HFAT FLUX DELTA T !DEGREES FARENI IBTU/HR SQ FT) DLT 1 DLT 2 DLT 3 OL T 4 AVG DLT 
l 216. A.20 9.40 9.60 9.33 9.13 2 786. 17.97 21.41 20.06 21.68 20.28 3 1122. 27.20 28.?1 29.09 28.67 28.29 4 2421. 24.91 25.45 26.33 26.72 25.85 5 3337. 23.0'1 24.?.1 25.17 25.48 24.4Q 6 4312. 24.69 25.54 26.31 26.62 25.79 1 5320. 25.07 25.76 26.50 26.80 26.03 8 6498. 26.25 26.94 27.A3 26.44 26.87 Q 1734. 26.28 26.74 27.66 28.01 27.17 10 8367. 26.30 27.11 2 A.04 28.34 27.45 11 7276. 2b. Vi u.. 81 27.fl9 28.12 21.29 12 4774. ?4.8'l 25.62 26.73 27.23 26.12 13 2838. 23.'}3 24.74 26.:)1 26.1}5 25.18 14 1342. 20.45 23.00 22.1fl 23.30 22.28 15 ~65. 10.94 12.53 12.57 12.49 12.13 
> ),. 
-I>-
RUN NO 51 
SQUARE PITCH 
HEATER NO 4 IN C7 MIX. ( INJTJ AL RUN I 
AT POSITION 8 
REAOING HEAT FLUX DELTA T (DEGREES FARENt (ATU/HR SQ FTI DLT 1 OLT 2 DLT 3 AVG OLT 
1 ;?18. 5.87 2.82 5.28 4.66 
2 808. 16.17 11.13 16.79 14.70 
3 17 22. 23. 7l 17.77 25.83 22.44 
4 2464. 25.23 16.63 26.00 22.62 
5 3?30. 25.42 17.25 25.88 22.85 
6 4148. 25.98 18.35 27.25 23.87 
7 5227. 26.64 19.32 28.29 24.75 
8 6395. 27.06 20.01 28.60 25.22 
q 8016. 28.44 21.36 30.22 26.67 
10 698A. 27.63 20.47 29.21 25.77 
ll 4686. 26.63 18.74 27.44 24.27 
12 2794. 24.84 16.A9 25.49 2 2. 41 
13 1383. 18.7?. 13.35 20.15 17.41 
14 378. 9.83 5.90 9.41 8.38 
RUN NO 52 
SQUARE PITCH 
HEATF.R NO 2 IN C7 MIX • 11 OF 4 HEATERS! 
.H POSIT ION 4 OTHER TUBE'S ARE AT POSITIONS 5 7 8 
R EADJNr. HEAT FLUX DELTA T !DEGREES FARENI 
IIHU/HR SQ FTI fJLT 1 DLT 2 OLT 3 OLT 4 AVG OLT 
1 21A. 5.51 5.19 5.31 5.51 5.38 
7 5458. B. 73 8.73 8.42 9.04 8.73 
3 1019. 10.39 12.91 9.69 12.99 11.50 
4 1645. 13.77 15.94 13.23 15.90 14. 7l 
I) 2428. 16.93 16.85 15.85 16.89 16.63 
6 32 56. -20.49 18.36 19.25 18.87 19.24 
7 4121). ~4.29 21.14 22.48 21.44 22.34 > 
F! 5288. 26.131 22.46 24.19 22.49 23.99 .1:-
9 6447. 2 q. 04 23.nl 25.19 B.53 25.09 \.1> 





















RUN NO 52 
SQUARE PITCH 
HEATFR NO 1 IN C7 "1IX. (?. OF 4 HEATfR.Sl 
AT PflSITtr1N 8 
OTHER TUBES ARE AT POSITIONS 4 5 7 





?lt31J. 2fJ.07 3?6q. ?.B. '56 
4?4 7. ?_0.81 
'53'?0. 1Q.17 
642 R. 30. lt9 
7251. 30.72 
SQUARE PITCH 
HEhTER NO 3 IN C7 MTX. 
liT POSITION 5 
nTHER TUAES ARE 






















DELTA T (DEGREES FAREN) 
OLT ?. rH T 3 OLT 4 
6-89 7.45 6.69 17. o It 4 12.92 12.25 19.3? 1R.77 19.?5 23.87 24.11 2"3.87 26.94 ?5.99 26.f36 27.03 ?7.73 ?_7.CA 
29.18 ?.9.26 zg.a2 30.73 10.14 30.'57 3C.76 10.41 30.80 31.08 30.72 31.08 
RUN NO 52 
(3 OF 4 HEATERS) 
AT POSITIONS 7 8 4 
OELTA T ( 0 F G REF. S F ARE N ) 
DLT 2 OL T 3 DLT 4 
7. (..,C) 7.7o 7.57 11.89 11.~1 11.77 1">.10 16.60 14.15 19.R9 17.20 ?0.36 19.76 19.76 .?0.47 22.57 22.96 23.79 24.97 zs.eo 26.03 2h.?4 27.26 27.70 26.95 28.0'5 2B.33 26.91 28.21 28.36 
AVG OLT 












































RlJN NO 52 
SOUARE PITCH 
HEATER NQ 4 I~ C7 MTX. (4 OF 4 HEATERS) 
AT POSITION 7 
OTHF~ TUBES ARE AT POSITIONS 8 4 5 
H~AT FLUX OFLTA T (DEGREES FAREN) ( BTU/~R SQ FT) DLT 1 nLT 2 OLT 3 
218. 5.?6 3.15 5.98 
') R 2 • 10.50 6.37 10.22 
1C'7G. 14.91) 10.74 17.lfl 
1695. ~0.08 13.56 ?.0.80 
?433. 2 3. 21t 15.49 24.62 
323Q. ?4.42 16.52 ?.'5.92 
41'37. 25.64 17.71 26.86 
5?.95. 26.87 1R.~2 ?8.21 
6293. 27.43 19.49 28.A4 
7224. 27.74 19.96 29.03 
RUN NO 53 
SQUARE PITCH 
HEATER NO 2 1~ C7 ~TX. (1 OF 3 HEATERS) 
AT P'lSITinN 4 
OTHER TUBE~ ARE AT POSlTIONS 5 7 
HEAT FLUX OELTA T (DEGREES FARFN) ( BTU/~R SQ FT l f)L T 1 DLT 2 OLT 3 DLT 4 
21R. 6.69 5.54 6.41 5.85 
')46. 8.99 9. C;3 8.6~ 9.27 
1019. lG.93 13.39 10.(-,9 13.35 
lA45. 14.01 17.45 13.1)? 16.C)0 
2:3Rf:>. 17.6:?. 16.63 17.07 16.67 
3221. 21.0q 1g.c:;z 20.1C) 1C).'36 
4143. ;? 4. fVt 22.44 ?.3.46 22.2R 
5?f>9. ?7.13 23.79 2'5.28 23.31 








2 3. 41 
24.64 
2 5. ?.6 



































RUN NO 53 
SQUARE PITCH 
HEATER NO J IN C7 MIX. (2 OF 3 HEATERS) 
AT POSITYnN 5 
OTYFR TURES ARE AT PnSITIONS 4 7 
HFAT FLUX DELTA T (OFGREES FAREN) (P.TU/HR SQ FT) Dl T 1 DLT 2 DLT 3 DLT 4 
208. 6.41 7.56 7.7? 7.~3 
55'5. 12.04 14.'>4 13.47 14.62 
1057. 1£1.75 20.43 18.77 20.62 
167(1. 20.37 23.06 22.70 23.ol 
2435. 22.?1 23.70 24.26 24.A9 
1192. 21.54 24.60 ?f5.27 ?5.98 
42 57. 25.40 25.87 26.81 27.37 
52 95. 26.~9 ?6.47 27.53 27.73 
649R. 27.10 'Z7.18 2B.OR. 28.44 
7'56q. 7_7.22 ?7 ·'+6 28.17 28.80 
RUN NO 53 
$QUI\RE PITCH HEATE~ NO 4 IN C7 ~IX. (3 OF 3 HEATERS) 
AT PnSlTION 7 
OTHER TUBES ARE AT POSITIONS 4 5 
f-iEAT FLUX OELTA T (DEGREES FARf.N) (ATU/HP SQ FTl DLT 1 DLT 2 DLT 3 
?. l R • 5.1A 2.23 4.46 
5 A2. lfJ.1A 6.69 11.?.9 
1C70. 16.00 ll. 41 17.50 
1701. 19.94 15.12 23.13 
2441. 23.07 15.5' 23.78 
3,37. 24.80 17.10 26.0? 
40Q3. 26.15 18.18 27.41 
51tB9. 27.02 19.33 28.36 
640R. ?..7.73 20.24 2C}.30 

















































RUN NO 54 
SQUARF PIH:H 
HE~TER NO ? I~ C7 MIX. (1 OF 3 HEATF.RS) 
AT PrJSITYON 4 
OTHE~ TURES ~RE AT POSITIONS 7 A 
HEAT FLUX OF.LTA T (DEGREES FARENJ ( fHU /HR S I) FT) Dl T 1 QLT 2 QLT 3 DLT 4 
101. R.01 f-..69 7. 61 7.05 
5"35. 9.?.7 8.79 A.83 8.91 
1[: '54. 10.97 1.3.39 10.5"3 13. 19 
111Al. 14.14 16. 12 13.78 16.16 
?.410. 17.R?. 16.71 16.8 3 16.83 
32?1. 20. 7't 18.CJ6 19.48 19.4R 
4187. 2 't. 14 21..73 22.64 21.65 
5106. 27.13 23.?.6 25.31 23.19 
6420. 28.66 24.25 25.82 23.93 
7n92. ZCJ.52 24.76 26.45 24.60 
RUN NO 54 
SQUARE PITCH HEATER NO 1 I~ C7 MIS. (2 OF 3 HEATERS) 
AT POSTTTDN R OTHER TURES ARE AT POSITIONS 4 7 
HFAT FLUX (BTU/HR S~ FT) 
DELTA T (DEGREES FAqENJ 
218. 






























































> 30.64 I 30.64 +=-
\0 
RUN NO 54 
SQUARE PITCH ~EATER NQ 4 JN C7 MTX. (3 OF 3 HEATERS) 
AT POSITTON 7 OTHER TURfS ARE AT POSITIONS A 4 
Q. EADTNG HFAT FLUX DELTA T (DEGREES FAREN) (13TU/HR SQ FTl DLT 1 OLT 2 DLT 3 
1 ;nq. 7.69 4.59 6.5R 
2 1)73. 1').'58 6.61 11.05 
3 1076. 1'5.72 1 ) • 4 1 17.58 
4 1703. 20.73 14.77 22.63 
5 245Q. 24.02 15.41 24.10 
6 3?.64. 24.80 16.A3 25.90 
7 4120. ?.6.23 17.9R 27.65 
8 r;zz7. ?.6.97 19.24 28.lt2 
9 6~81. 27.72 2 o • :n 29.29 
l'C 7568. 28.06 20.42 29.40 
RUN NO 55 
SQUARF. PITCH 
HEATER NO 2 IN C7 ~IX. (1 OF 2 HEATERS! AT POSITIOIIJ 4 
OTHER TU~ES ARF AT POSITIONS 7 
REAntNG HEAT FLUX DELTA T (DEGREES FARI:N) (BTU/l-IP. SQ FT) r:lLT 1 nLT 2 OLT 3 DLT 4 
1 1 q 5. 5. 90 4.~11 5.'54 5.50 
2 5 31 • 8.99 8.43 <:1.35 8.59 
3 10?1. 11.4Q 13.99 10.R2 14.03 
4 1661. l 1t.06 16.63 13.'>9 16.~6 
5 2410. 18.17 1'.23 17.19 17.'50 
6 32C10. ?.1.~9 ;:>1.02 21.92 20.79 
7 lt2 01. 2A.:?l 24.:.>0 25.1R 23.9? 
A 52"' 1 • ?~.1)6 24.94 26.R3 24.g?. 
q 6146. ?.9.A3 25.7R 27.59 25.74 






















27.49 > I 1..11 
0 
RUN NO 55 
SQUARF PITCH 
HEATER NCI 4 IN C7 ~tX. (2 OF 2 HEATERS) AT POSITTCIN 7 
OTHER TUBES ARE AT POSITIONS 4 
REAOTNG HEAT FLUX OF.LTA T (DEGREES FARENJ (fHU/HR SQ FT) I)LT 1 OLT 2 11LT 3 AVG DLT 
1 21R. 6.97 4.11 '5.98 '5.69 ? 571. 11.49 7.24 11.96 10.2-, 3 lOR?. 17.99 13.12 ~0.08 17.13 4 1671. ?l .49 15./ll) 2~.90 20.33 
'5 2446. 23.A2 16.00 25.0C 21.61 6 3177. ?6.16 1~.10 26.83 23.70 7 ltlfl6. 27.82 1.9.77 28.73 2 5. 44 8 519(1. 27.A1 19.92 29.70 2 5. 82 0 6311. 29.05 20.96 30.58 21l.87 10 7553. 29.05 21.16 30.82 27.01 
RUN "!0 56 
SQUARE PITCH 
HfATEP NO 1 TN C7 "'IX. (1 OF 2 HEt1TERSl AT POSITION 8 
nTHF~ TUOES ARE AT POSITIONS 7 
READING HfAT FLUX DELTA T (DFGREES FAREN) (BTU/HP. S() FTt DLT 1 DLT 2 DLT 1 DLT 4 AVG DLT 
























RU~ NO 56 
SQUfiRF PITCH HEAT~P NO 4 IN (7 MIX, (2 OF 2 HEATERS) 
!IT PO S I T TflN 7 
OTHER TURES ARE AT POSITIONS 8 
HE fl. T FLIJX ( ATU/I-IR S') FT l 
















2 5. 't 3 
27.?.1 
7.7.21 




























45 DFGQEE ROTATEO SQUARE PITCH 
HEATER NO 2 IN C7 ~IX. (1 OF 4 HF.ATERSl 
L\T POSITION 5 OTHE~ TU~F.S ARE AT POSITIONS 6 8 9 
HEAT FLUX 11ELTA T (11EGREES FAREN) ( BTlJ!HR SQ FTl DL T l DLT 2 OLT "1 DLT 4 
218. 5.fl5 4.94 5.53 5. lt9 
'5 1t 6 • 1Q,C:,7 9,.C,1 10.13 9,69 
liJ?g. 1f.,,7() 14.49 15.CJQ 14.'53 
l6A7, 15.?.0 1'1.16 14. lt 9 15,16 
~401. 1R.44 16.35 17. j 3 17.1(' 
;\?C)Q. 22.46 19,9B 20.65 20.06 
416". 25.35 21.92 23.J6 21.88 
5?'57. ?1. 63 23,Bl 25.21 23,R5 
63AO. 2R.70 ?4.53 26.14 24.'53 
75A3. 29.98 25.14 27.03 25.46 
AVG OLT 
5.47 






2 5. 4 7 





































RUN NO 57 
45 f)FGQEE P-OTATED SQUARE PITCH 
HEATER NO 1 IN C7 ~IX. (2 OF 4 HEATFRS) 
fiT POSITTO"' 9 
OT~ER TUBES ARE AT POSITIONS 5 6 8 
HEf\T FLUX ( BTU/HR SQ FT) 
DELTA T (DEGQEES FA~ENJ 
DLT 1 































RUN NO 57 











HEATER NO 1 IN C7 MIX. (3 OF 4 HEATERS) 
AT POSITION 6 











Hf1\T FLUX DELTA T (DEGREES FAqfN) ( BTU/HR SO FT) OLT 1 nLT 2 DLT 3 DLT 4 
21"3. 7.52 8.19 8.3Q ~.16 
')51 • 12.82 13.77 13.77 13.61 
1049. ?.1.56 20.93 ?.2.31 21.05 
167C. ?4.08 23.97 24.95 23.R9 
2461. 73.14 23 • 1t5 23.65 23.69 
3264. 25.26 25.14 25.34 25.R5 
4246. 26.33 ?.6.?.1 26.33 26.84 
5313. 26.69 26.84 26.q6 27.87 
f-,396. 27. '+0 27.44 27.76 28.74 














































RUN NO 57 
45 DFG~EE ROTATED SQUARF PITCH 
HEATFR NO 4 IN C7 ~IX. (4 OF 4 HE~TERS) 
AT P!lSTTFlN 8 OTHER TUBES ARE AT POSITIONS 9 5 6 
HEi\T FLUX DELTA T (DEGREES FARENt (BTU/HR. SQ r:T) nL T 1 DLT 2 DLT 3 
21R. '5.81 3.07 4.94 
5 R?. 10.84 A.CJ6 1().0t1 
l07C. 1 ~. 28 Jr..41 16.9R 
16 7 P.. 20.66 13.26 21.4R 
243C'. ?2.'51 13.70 ::n .91 
3264. :n. ot1 15.28 ?.4.1A 
414A. 25.86 16.71 26.65 
5? 2C•. ?A. FIB 1R.56 28.77 
6354. 27.63 19.20 29.21 
752'5. 2B.05 19.86 29.70 
RU"'J NO 58 
45 OEGREF ROTATEO SOUAR.E PITCH 
HEATFP NCl 2 IN C7 "1IX. (1 OF 3 HEATERS) 
A T P fJ S I T I 0 r-.J 5 
nTHEQ TURES ARE AT POSITIONS 6 8 
HEAT FLUX DELTA T (DEGREES FAREN) 
CBTlJ/HR SQ FT) OLT 1 DLT 2 DLT 3 OLT 4 
21R. R.04 7.17 7.89 7.R1 
1533. 14.2R 13.37 13.73 11.84 
H'33. l'5.Al 17.16 15.57 17.16 
l66R. 17.513 lR.1R 17.11 18.73 
2423. 20.'36 2C.23 19.68 20.31 
321Jr. 24.29 21.81 22.59 22.16 
4]7A. 26.73 23.26 24.4R 23.93 
531?,. 28.95 24.34 26.12 24.66 
6174. zq.65 2'5.01 26.74 25.20 


















2 2. 7] 
24.60 
Zn.O? 
























RUN NO 5R 
45 OF.GQEE ROTATFD SQUARI: PTTCH 
HFATfP Nn 3 IN C7 ~IX. (? OF 1 HEATERS) 
AT Pf'ISITl'lN 6 
OTHER TUBES ARF AT POSITIONS 5 8 
































RlJN NO 58 
45 OFGqEE ~nTATFD SOUhRE PITCH 




















HEATER NO 4 lN C7 MIX. (3 OF 3 HEATERS) 
fi.T POSITION R 
OTHER TU~ES APE AT POSITIONS 5 6 
Hl-AT FLUX DELTA T (f)fGREES F~REN) (RTlJ/HR SQ FT) f1LT 1 OLT ? f)LT 3 
?1~. R.l3 5.18 7.29 
5 13? • 13.57 0 .48 13.76 
10A6. 1R.?.6 13. 75 ?0.17. 
1703. 21. 02 14.SB 22.01 
?.446. 2'1.1? 15.73 24.30 
31q'i. ~6.06 16.79 26.?.6 
'tl 3 7. ?.7.08 18. 17 27.75 
51'34. 27.6Q lQ.~S ~9.34 
6429. 28.08 19.96 ?.9.89 
784'5. 213.67 20.59 30.24 


























RUN NO 59 
SQUAP f. PITCH 
HEATER NO 3 INC7 MTX. (CHECK RUN) 
AT POSITION 6 
READING HFAT FLUX DELTA T COEGREES FAREN) (BTlJ/HP- SQ FT) nL T 1 OLT 2 OLT 3 DLT 4 AVG OLT 
1 211. ll. 41 1.2. lt4 1l.q7 12.2?. 12.03 
2 557. ?0.60 ?2.'54 21.59 22.3P 21.78 
3 106('. 26.?.() 2R.21 ?.7.19 28.25 2 7. 4 7 
4 1707. ?f>.R5 ?7.36 ?.7.40 27.64 2 7. 31 
5 2'+ 55. 27.'.30 27.27 ?..7.86 27. 1+3 ?.7.49 
6 32911. 27.43 27.24 ?.7.79 ?7.71 27.'54 
7 4251. 26.91 ?7.01 2A.C'l9 ?7.54 27.12 
8 53?0. 27.19 21.'3q 27.43 28.33 27.£-:3 
9 ~498. 27.43 27.43 ?.1.A3 2'3.57 27.76 
10 77~7. ~R.?-0 28.55 28.51 29.69 2R.74 
1 1 821?.. 2~.20 2A.f>7 28.71 2Q.77 28.84 
RUN ~ 1 0 60 
SQUAR F. PITCH 
HEATF.R NO 1 l"' C7 r-1IX. ((.HECK RUN) 
AT POSITION 9 
READI"'G HEAT FLUX DELTA T (DEGREES FAREN) (ATli/HR SO FTl IJLT 1 OLT 2 DLT '3 DLT 4 A.VG DLT 
1 207. 7.71 6.30 7.34 6.06 6.An 
?. c:;(-.4. 17.71 13.61 17.34 13.69 1'5.59 
3 1070. 27.09 ~1.13 26.?.6 20.97 24.C2 
6. 1670. 29.23 24.11 '?8.95 24.03 26.58 
5 ?.41P.. 31.05 27.11 30.46 2A.48 28.78 
6 3264. ~!=1.87 2~.?.4 2g.43 28.56 28.92 7 420'3. 30.17 29.58 29.62 28.95 29.5?. 
r. 5165. 11.'JR 30.69 3o.2q 30.14 30.55 
q 6416. 30.96 30.77 30.61 3'J.Al 30.79 
lC 72q5. 31.12 ::W.88 30.81 31.28 "'31.02 > 11 7965. 31.0A 31.01 30.93 31.56 31.14 I Ln 
0"1 
SQUARF PITCH 
HEATER NO 2 IN C7 ~IX. 
AT POSITION 5 
RE!I.CING HEAT FLUX (BTU/HR SQ F T) DL T 1 
1 2~"'2. 9.40 
2 540. 18.61 
3 1G48. ?.4.46 
4 1703. 26.09 
!) 2401. 27.13 
6 32~1. 27.44 
7 4132. 29.01 
8 5165. 29.78 
9 6360. 30.48 
10 7626. 31.95 
11 BQ51. 32.34 
SQlJ~RE PITCH 
HEATER ~0 4 IN C7 MIX. 
AT POSITION A 
READING HF.hT FLUX (13TU/I-IR SO FT) DLT 1 
1 218. 7.Rl 
"l 5A4. ! 3 olR L. 
3 108?. 19.72 
4 1703. 26.P.5 
I) 2404. ~R.06 
6 32 59. 27.62 
7 4175. 2 7. 66 
8 5276. ZR.73 
9 642C). 2A.64 
10 76C5. 28.56 
11 8059. 29.31 































nLT 3 DLT 4 




























2 5. 83 
24.80 
24.17 
2 5. 34 




















RUN NO 63 
SQ!Jf,P.F. PITr.H 
HF.ATER ~0 2 TN C7 MIX. (1 OF 4 HEATERS) 
AT POSITJrlN I) 
OTHER TUBES ARE AT POSITIONS 6 8 4 
RFAn.ING ~EAT FLUX DF.LTA T (DEGREES FARFN) (BTU/YR. SQ FT) DLT 1 DLT 2 OLT 3 DLT 4 AVG DL.T 
1 21R. 3.74 2.75 1.62 3.1~ 3.32 2 546. 7.R7 6.9f> 7.79 7.04 7.41 
'l. 1033. 10.56 11.71 10.25 11.63 1l.C'4 4 1A66. 13.o1 15.58 12.7A 15.31 14.32 5 2 1t0 6. U:'.OR 18.16 17.53 18.CR 17.96 , 3216. ?.2.1R 20.60 ?1.23 20.28 21.07 7 414R. 25.15 2l.'J4 23.615 21.76 23.1C R '531?. 27.66 23.41 25.69 23.~7 25.03 9 6360. 28.32 24.07 7.6.00 24.11 25.63 10 7605. 29.?3 24.70 26.44 24.90 26.32 
RUN NO 63 
SOUARE PITCH 
HEt1TER Nn 1 I"-1 C7 MIX. (2 OF 4 HEATERS) 
!IT POSITION 4 
OTHER TUBES ARF AT POSfTIONS 5 6 8 
REI\ DING HEAT FLUX OELTA T (DEGREES FARENJ (BTU/HR SQ FT) DLT 1 DLT ? DL T 3 OLT 4 AVG DLT 

























RUN NO 63 
SQU/\R E PT TCH 
HEATER N8 3 IN C7 MTX. (3 OF 4 HEATERSl 
AT PIJSITIO"' 6 
nTYFR TIJRES ARE AT P11SITIONS 8 4 '5 
HEAT FLUX OELTA T (OEGRF.F.S FARENl (BTU/HR SQ FT l DLT l OLT 2 DLT 3 DL T 4 
?11. 1.R?. 6. 1)9 6.oo 6.64 
5155. Q. 34 12.7P. 10.80 13.54 
1C'17. 14.60 19.74 15.43 20.5 ~ 
1670. 18.~1 22.1)3 18.23 22.9:? 
2450. zn.11 22.22 19.'3A 23.64 
3311. 22.10 23.40 20.96 ?.4.97 
4200. 23.46 24.76 21.q2 ?.6.10 
52'57. 25.10 25.07 ?. ?. • 11 27.3'5 
6417. 25.37 26.71 22.34 27.93 
7533. 25.65 26. <H 22.69 28.64 
RUN NO 63 
SQUAPF PITCH 
HfATER Nn 4 TN C7 MIX. (4 OF 4 HEATERS) 
AT PnSTTiilN 9 OTHEq TURES ARF AT PnSITIONS 4 5 6 
HEAT FLUX DELTA T (DEGREES FAREN) ( fHU /HP SQ FT J OL T 1 DLT 2 OLT 3 
?.18. 3.R2 O.AR 2.71 
'564. 10.~9 ft. 69 9.02 
10 7A. 16.14 10.56 17.13 
171':'1. l7.48 13.33 20.84 
2441. 20.17 14.84 22.73 
~?64. ~3.64 16.65 25./tl 
414R. 2'1.54 18.05 27.12 
5?0A. ?.7.70 19.42 2fl.21 
6340. 2R.32 19.90 2R.64 









2 5. 11 







































RUN NO 64 
SQUARE PITCH 
HfATEP NO ? IN C7 ~rx. (1 OF 3 HEATERS) 
AT PnSTTinN 5 
OTHER TUBES ARE AT POSITIONS 6 4 























HEATER Nn 1 I"l C7 "-liS. 
4 
nELTA T (DEGREES FARF.~) 











RUN NO '">4 
B.03 





















OTHEq TUBES ARE AT POSITIONS n 5 
HEAT FLUX DELTA T !DEGREES FAREN) (RTU/Hn SQ FTl OL T 1 DLT ? DLT 3 OLT 4 
21P. 10.11) 8.75 9. 9 1t ~.31 
CilS. 1?.47 l't. 51 1n.?.3 14.49 
1244. 70.85 19.59 20.93 19. t 9 
167G. 21.69 20.22 ?.4.2C 19.35 
24C1. 23. 76 2l.q5 24.11) 20.33 
12n4. ~5.39 24.R7 26.29 22.'55 
4148. ?6.51 :?6.71 ?7.85 24.35 
5? 7 7. ?8.12 ?.9.?.6 1o.r5 25.B4 
6'39'5. 29.38 ?9.65 30.'56' ?.6.66 
7641. 30.01 :H.'. '56 31.1? 27.50 





















2 9. B 1 > I 
0\ 
0 
RUN NO 64 
SOUARE PITCH 
HE~TER NO 3 I~ C7 ~IX. (3 OF 3 HEATERS) 
1\T PnSIT10N 6 
OTHER TU~FS ARE AT POSITIONS 4 5 
Q.EAOING Hf.AT FLUX DELTA T (OF.GPEES FAREN) 
lRTU/HP. SQ FT) DLT 1 DLT ?. DLT 3 DLT 4 
1 ?.lR. 8.91 11.29 11.37 12.00 
? 553. 14.53 16.~3 17.30 17.77 
3 1044. lq.78 21.09 21.60 22. rn 
4 l67C. 2~.10 24.16 25.':30 25.11 
5 ?441. 23.53 ?4.12 25.J3 25.50 
6 ~244. 24.12 25.15 25.66 26.45 
7 41'+7. 24.7A 25.88 25.88 27.38 
f\ 516'5. ?.5.5'3 26.63 2 6. 4 7 28.20 0 6371. ?.5.88 26.90 26.66 211.59 
10 766(:,. 25.89 27.54 26.91 29.07 
RUN NIJ 65 
<;QUARE PITCH 
HEATER NO ':3 INC7 MIX. (CHECK RUN) 
AT POSITION 6 
R.EAOING HEAT FLUX DELTA T (DEGREES FA~EN) ( RTU/HR SQ fT l OL T 1 f)LT 2 DLT '3 
1 2')7. 11.7'3 10.28 11.07 
? 775. 20.'51 ?.4. 15 24. ~6 
3 1670. 25.7R ~7.12 ?.8.34 
4 2504. ?2.~5 24.88 26.0? 
') 3'337. 25.22 26.2R ?.7.58 
6 42 57. 26.15 27.26 29.11 
7 532C. 26.18 ?.7.56 2(}.21 
8 649R. ?..6.l2 ~7. 3"4 213.92 
9 7495. 26.39 27.77 20.34 




























HE~TFR NO 1 IN C7 ~TX. 
fiT POSITION 4 
REA!"'ING HEAT FLUX ( fHU/HR SQ F Tl DLT 1 
1 1 eo. lQ.')l 
2 764. ?3. 64 
3 1670. 26.17 
4 2401. 2h.76 
5 3264. ?.5.R6 
6 4ll+R. 28.5R 
7 '52 RO. 29.74 
8 64('9. ·:n. q6 
9 74C6. 32. 71 
10 8020. 32.58 
SOUARF PITCH 
HEATFR NQ 2 I~ C7 MIX. 
AT POSITIOI\l 5 
READING YFAT FLUX ( ATIJ/HR SQ 1=T) DLT 1 
1 17P,. 7.42 
?. 771. 26.39 
~ Ui70. 29.64 
4 ?384. ~1.8C 
c:; 3?lh. 21).20 
6 4t4r. 2t..P,9 
7 '519ft. 211.33 
8 h3 Q4. ?9.64 
9 7641. 30.19 
1 0 ~955. ~1.56 









































DLT 3 f)LT 4 
6.q4 1).6?. 
26.07 23.15 
/R. 0 3 26.01 
30.97 24.23 
2 5. 01 2?.84 
2 5. 1t 7 23.07 































HEATFR ~0 4 I~ C7 MYX. 
AT POSIT!I'JN B 
R. EAOING YFAT FLUX ( RTU/HR SQ FT) Dl T 1 
1 218. A. OS 
?. 8?.1. 19.S9 
3 l703. ?3. 4ft 
4 ?.441. 22.17 
5 3?.64. ?.5.79 
6 4137. 2f>.55 
7 5196. 28.44 
8 6:195. 29.46 
q 7435. 29.81 
1(1 827?. 30.13 
RUN NO 6A 
(CHECK RUN) 
DFLTA T (DEGREES FARFN) 
OLT 2 DLT 3 




18. :n ?6.73 




















RlJN NO 6q 
Sr;)lJfiP E Of TCH 
HFATEP NO 3 I~ N-PFNTANf fl"JlTifll RIJN) 
1\T rrJS lT ION 6 
R FA 01 ~Jr, HFH FLUX DELTA T IOEGREF.S FARENI (fHli/HR SQFTI DL T 1 DLT 2 OLT 1 AVG DLT 
1 21 R • 6.17 6.99 6.17 6.45 
2 R26. 1.5.A4 15.')3 16.01 15.63 
' 
1817. ;>(>.73 20.19 20.99 20.70 
,, Z5At-. lq.6R 1'"1.63 2fJ.36 19.89 
5 3440. 21.6R 22. n 22.61 2 2. 18 
,., 
'd'H. 21. RO 2?..43 ?2. 56 2?.26 
7 5'i1,7. 2?.9/. n. ~6 23.56 23.25 
A n74n. 2?. 99 ?3.46 23.67 21.313 
9 7R71. ?').6Q ?.6.37 ?.6.71 26.26 
11" A409. ~'5.6R 26.57 2 7.04 26.43 
11 7186. 23.97 24.16 24.61 24.31 
1?. 615f:J. ?3.f:J?. ?4.09 24.26 23.99 
13 '5Q3R. Z2. f:J3 2?.97 23.31 22.97 
14 3'1 7'1. 21.91 22.29 ?.?.46 22.22 
15 30?1. ?.0.55 ?0.9R 21.1? 20.95 
16 18 D. 1A.7R 19.47 19.34 19.20 
1 7 814. 12.49 1?.84 12.67 12.67 
RUN NO 70 
<;QlJ.~Rf PITCH 
~~ATFR Nn 1 IN N-PFNTANF. I I"'ITlAL RIJN) 
AT PflSITlflN 4 
READ PJG HFAT FLUX DELTA T (DEGREES FARENI ( FlTU /HP S Q FTI OL T l OLT 2 DLT 3 OLT 4 AVG DLT 
1 21R. ':i.Rb 1t. ':i 2 5.65 4.26 5.07 
? R30. 1 A. l 3 14.37 16. 17 14.'50 15.?9 
3 1747. 21.64 1P.R7 ::?l.A1 18.74 20.27 
4 2'5(14. ?1.'14 lq.4?. 23.43 18.4R 21.32 
'i 33"l,'i, ?. ? • 70 n. 15 23.34 :n. 17 22.49 
f:, 1t2 () R • 22.57 23. 17 ?3,29 21.3A 2?. 60 
7 'l':\3R. ?.1.71 ?.4. ?.A 2 1to '56 ?.2.6A 23. q( 
R 6513. 24. 112 25. 'tl ?.5.16 ?3.88 24.82 
Q 7717. ~5 • .q(; 26.71 ?.6.14 ?4.74 25.85 
tr 840'i. 7~.95 26.lJ3 26.21 24.9R 26. 0? 
11 7r'i9. :? 'i • ')8 2'i.93 ?.?.7n 24.21 25.?5 
12 sqi4. ~4.1':\ 24. "6 24.73 23.03 24.1C) 
1 3 4713. ?3 .47 :n. qe 24. B 22.3 7 :n.sz 
14 H70. 22.26 ?.2.69 23.20 21. 1 5 22.33 
l '5 2Rgf>. 'Zt. ~6 20.7~ 22.1.2 l9.8n 2l.Cl' 
lA 1 732. lg.74 17.0~ 20.13 16.91 18.51 
17 ~ 1r; • 14. 11 12.75 14.6'5 12.q3 13.61 ll> I 
o-
""" 
RU~ NO 1l 
SQlJARF PfTr:H 
HFr\TFR NO 2 l"J N-Pt:PIJTAfiJF !INITIAL RIJNI 
AT PnSITION 5 
PFfiOIIIIG HEAT FliJl( DELTA T (I)EGREES FARF.NI 
! RTIJ/HR SQ FT I OLT 1 Ol T 2 OLT ':\ OLT 4 AVG Ol T 
1 ?.~7. '5,'55 ~.'IF, '),1? j,')(, 4.52 
?. 797, 15.()9 14. 70 15.78 13.55 14.81 
3 )73F,. l'J.64 1 C). 08 19.12 18.'13 19,G9 
4 241'•. ?'J. 04 17. "31 19.36 ln. 54 18.31 
'i 33?6. 21. 10 18.37 2C,'i'i 17.5? 19.39 
6 r.;>qr,, 23.34 20.36 21.97 19. 4? 21.27 
7 5351. 24.1A 2G.80 2?. 59 19,95 21.88 
8 n429, ?'i,1A ?1. 70 :n.21 20. flit 22.75 
q 7641. 26.37 ?2 .42 ?4.08 2l.f>l ?.3.62 
1C 11184. 27. 9() 23. ·:n 24,83 2?. .46 2'to64 
1 1 70'i9, 2').78 22.05 ?'1.58 ?1. 11 :n.13 
12 "f12Q, ?4. 7l ;n. 23 22.93 ?0,47 ?:?.34 
n 4774. ?3. 71 ?0. <;(-, ?? .4 3 23.96 22.67 
14 ':\ 7 7(). n .I) A 19.3'1 21.14 1A,42 20.?5 
15 283A, 21. 1)':\ 1 A, 2? 2C.44 17,41 l9.2P. 
16 17hA, 1<1.49 1A. n 17. flA 15,4C 16.99 
17 792. 1 1t, 'i I) [?, 73 14.50 12. 1 3 13.47 
qlJN ~JO 17 
<;QIJAR [ orrr.H 
f.lF-A p:p ill') 4 I~' ~-PF"JTANF I I "liT! Al RIINI 
1\T P'JSITifJN q 
Q FAOJ ~~r~ HfhT F-LIJY f1H T h T (OEGRFES Ft\RtNI 
('\TtJ/4R S~) FT I o L r 1 OL T 2 liLT 3 AVG OLT 
I ?l 1 • 3,A1 C.A7 1.25 2.fJ4 
2 A 51 , 11. 72 6,"17 11.98 10.20 
3 172(. lB. 73 12.79 19, B 16.95 
" 
252?. 21,70 1'3 • .JC 21.28 18.70 
'i 1406. 21.91) 15.?5 24.70 20.6? 
A 4?Jl4. 22.06 1s.n 23.76 20.35 
7 5470. 22. 13 16.19 21.66 20.67 
p f,7l':\, "2?. li c 1n.0'5 23,6A 20.72 
9 74 96. 2 '1, 37 17.0" 24.81 ?.1.73 
1C' 7 817. '2'3.14 16.9'i 24.53 ?1. 61 
l I 71 1?.. 23.'•::' 17. 19 ?4.74 ?1.79 
1 2 ')027. 7.7.15 15.94 ?3.51 ?.0.54 
13 4 7 74. ?1.21 1. 'i. 17 23.17 I 7. fl5 
14 ~74~. Z:J.r)? 14.2 e 2?.3 7 19. 1 c 
1"> ?0\}, 19.2- 12.77 ?(;.116 17.5:3 

























RUN NO 73 
SQUAR F. PITCH 
HFATER Nn. 3 T~ N-PE~TANE ( TNTTIAL RUI\1) 
.AT POSITION 6 
HEAT FLUX DELTA T (DEGREES FARENt ( !HU/H9 SQ J=T) f) L T 1 OLT 2 DLT 3 
218. 5.R5 6.59 5.7?. 
55?. ll.G5 1?..77 12.17 
1121. 1A.()3 17.60 1R.16 
1739. lq.70 lQ.lO 20.00 
2506. 2•).91 ?.C.74 21.04 
34'JA. 2().':33 20.7? 21.;>3 
44~1. 21.48 22.03 22.25 
51)0'). 22.35 22.78 ?.3.:;4 
6623. ?.~.17 23.55 23.98 
7871. 23.69 23.99 24.24 
R331. 24.39 24.6R 25.19 
RUN NO 74 
Si'JlJARE PITCH 
HEATEP NO 1 I N N- P PH A N E (INITIAL RUN) 
AT POSITION 4 
HEAT FLUX DELTA T (DEGREES FAREN) ( BTU/HR SQ FTI D I. T 1 DLT 2 DLT 3 OL T It 
?18. 6.07 4.9R 6.24 4.(13 
843. 16.04 14.92 16.47 14.62 
175'1. ?.2.23 18.99 22.53 18.95 
?.486. :n.A5 19.33 24.03 U:l. 8.?. 
3V5R. ?.4.77 22.13 ?4.47 ?0.59 
4.?. 57. 22.81 23.58 24.01 21.71 
5307. 24.05 24.90 24.85 ?3.02 
6533. 24.85 25.57 25.40 23.83 
7'56R. .:?5.1:?8 26.95 26.36 25.08 
















































RUN NO 7? 
SOUAR. F PITCH 
HEATER NO 2 I N N- P F NT 1\ N E (INITIAL RUN) AT P()S!TTON 5 
HEAT FLUX DELTA T (f)EGREES FARENI (BTU/HR SQ FT) DLT 1 DLT 2 f)LT 3 
201. 4.39 4.39 4.'39 
797. 16.37 14.14 16.37 
1716. 19.74 18.97 19.39 
2453. 20.8!') 17.53 ~0.18 3337. 21.36 18.41 20.38 
4257. ?2.21 19.,5 21.06 
53'38. 2·3. 46 20.44 2l.CJR 
A429. 24.4A 21.04 22.87 
7641. 25. 91 22.13 23.71 
8996. 26.62 22.51 24.12 
RUN NO 76 
SQUARE PITCH 
HEATER NO 4 IN N-P~NTANE (INITIAL RUN) 












HEAT FLUX DELTA T CDFGREES Fl\REN) (BTU/HR SQ FT) Dl T 1 OLT 2 DLT 3 
218. '•. 4't 1. 57 3.92 851. l't. 04 8.97 14.~6 
1768. 19.78 13.09 20.03 
25'35. 22.06 13.41 21.29 
'338:?. Z2.29 !3.95 22.21 
4378. 21.39 14.88 ?2.71 
5332. 22.10 15.86 23.38 
649R. 22.80 16.47 24.12 
7?70. 23.19 16.60 24.55 



























RUN NO 77 
SQIIJ\RE PITCH 
HEATER NO 2 IN N-P~NTANE (1 OF 4 HEhTERSI hT POSITION '5 
OTHER TlJBES 1\RE AT POSITIONS 6 B 4 
READING HEAT FLUX Df.LTA T (DF.GRFES FAREN) (BTU/HR. SQ FTI DL T 1 Dl T 2 DLT 3 DLT 4 AVG DLT 
1 21A. 3.66 2.53 3.87 1.87 2.98 ? 582. 8.81 7.86 8.85 7.08 A.15 3 1C95. lLh Q7 12.Q5 15.0'5 11.62 11.65 4 1736. 14.13 12.67 l4.lfl 11.46 13. 11 
" 
2't82. 16.151 14.41 15.36 13.43 14.93 6 3342. 1CJ.76 17. 15 18.65 16.60 18.(4 7 4325. 21.74 18.67 20.61 lR.~C't 19.Rl 8 5?.58. 23.51 ?O.ll 21.94 19.34 21.23 9 6429. 24.56 20.91 22.57 20. 19 22.06 10 7868. 2S.27 21.62 23.07 20.56 22.63 
RUN NO 77 
SQUJ\RE PTTCH 
HEATER NO 1 IN N-PfNTANE (2 OF 4 HEATERS) 
AT POSITION It 
OTHER TUBES hRE 1\T POSITIONS 5 6 A 
RFAOING 1-lFAT FllJX DELTA T ( 0 E G R E E S F A R Hl I 
CIHU/HR SQ FTI nLT 1 DLT 2 DL T 3 DLT 4 AVG DLT 
1 ;?1 R • 3.79 2.96 4.13 2.R3 3.43 
























RUN NO 77 
S0UAR E P ITr:H 
HEATFR NO 3 TN N-Pf.NTANE (3 OF 4 HEATERS) AT POSITTON f> 
OTHF.R TUBES ARE AT POSITIONS R 4 5 
HfA.T FLUX Of:LTA T (DEGREES FARFNl (RTU/HR SQ FT) Ol T 1 IJL T ? I)LT 3 
229. '5.00 4.7R 5.78 
'5 RR • 1 (). lt5 11.74 11.44 1103. pt.z:> 16.85 19.')4 176P.. 18.16 17.69 19.23 2467. 18.10 1R.79 19.13 
"33lt7. 2C. 1t4 ?0.52 20.70 4 3 'tf1. ?.2.0Q 21.6?. 21.96 53 79. 22.32 ?2.2"3 22.62 6381. 22.RQ ??.72 22.97 7720. 24.05 23.97 24.01 
RUN NO 77 
SQUARE PITCH 
HEATFR NO 4 IN N-rENTANE (4 OF 4 HEATEPS) 
AT POSITION 8 





1 R. ·n 
19.?6 





HF/\T FLUX fJF.LTA T (DEGREES FAREN) (IHU/HR SQ FT) OLT 1 f)L T .2 fJL T 3 
2lA. 3. 52 1.52 3.22 6C0. 10.19 6.04 10.54 













































RUN NO 78 
SQUARE DYTCH 
HEATER NO 2 IN ~-PENTANE (1 OF 3 HEATER$) 
AT POSTTION 5 
OTHER TUBES ARf AT POSITIONS 4 6 
HEAT FLUX DELTA T (OFGREES FARENl (BTU/HR SQ FT) nLT 1 nLT 2 OLT 3 
218. "1,.5'3 2.53 3.84 
5R9. C).Rg 7.C)5 10.06 
1095. 17.19 15.00 17.1~ 
1728. 17.C)2 15.69 17.66 
?lt41. 20.1)4 16.36 19.10 
333 7. 21.84 J 8. 76 ?.0.90 
4229. 22.31 19.48 21.39 
541~. ~3.Q() 20.62 22.41 
6707. 24.97 21.31 23.?.3 
7794. ?5.63 21.1)5 23.34 
RUN NO 78 
SQUARE PITCH 
HEATER NO 1 IN N-PENTANE (2 OF 3 HEATERS) 
AT POSITION 4 












HFAT FLUX OELTA T (DEGREES Ft\REN) ( fHU/HR SQ FT) DLT 1 DLT 2 DLT 3 [)LT 4 
21R. 4.88 3.27 5.18 1.10 
'58 2. 1~.82 10.50 13.16 10.19 
1095. 1~.00 J.6.AO 111.26 16. '~6 
173(-,. ?.~.19 1R.CR 20.56 18.08 
2 1tE'l2. 20.16 19. ItO 21.44 18.11 
3 3 Rlt. 21. 75 ?.2.00 22.A6 20.30 
417C). 22.63 23.5fl 23.73 21.39 
5?.27. 23.6n 24.70 24.70 ?2.66 
6519. 24.67 25.86 25.56 23.61 















































RUN NO 78 
SQUARE PITCH 
HEATER Nn 3 IN N-PF.NT~NE (3 OF 3 HEATERS) 
1\T PllSTTION 6 
OTHF.q TUBES ARE AT POSITIONS 4 5 
HEAT FLUX DELTA T (DEGREES FhREN) (RTU/HP S') FT) IJLT 1 DLT 2 OLT 3 
2 22. 4.66 4.49 5.1)3 
5 89. 10.75 11.36 11.R3 
1095. 15.59 17.73 17.09 
1R01. 17.23 18.00 lR.09 
2522. 20.38 19.61 20.46 
31tC6. 20.68 20.63 21.10 
44C.3. 21.69 21.35 21.8/S 
541('. ?2.66 ?.2.28 22.75 
65 Rl. 23.61 ?.3.4/t 23.69 
7AlA. 23.80 23.RO 24.06 
RUN NO 79 
SQUARE PITCH 
HEATER NO ?. IN N-PENTANE (1 OF 2 HEATERS) 
AT POSITION 5 
OTHE~ TUBES ARE AT POSITIONS 8 
DLT 4 
4.4Q 









HEAT FllJX DELTA T (DEGREES FAREN) 
CBTU/HR SQ FT) DL T l DLT 2 DLT 3 DLT 4 
195. 3.65 2.74 3.69 2.2f> 
5£>4. 9.52 8.fl7 9.48 8.10 
1072. ll.3R 11.34 11.34 10.31 
lR 21. 14.96 13.50 14.57 12.31 
2522. 15.09 13.41 14.70 12.81 
3384. U\. "35 16.63 17.58 15.78 
4? 57. zo.qg 18.34 20.18 17 •'tO 
533R. 22.75 19.64 21.39 18.4R 
642q. 24.3R 21.06 22.64 20.04 















































RUN NO 79 
SQUARE PITCH 
HF.ATER NO 4 IN N-P~NTANE (2 OF 2 HEATF.RS) 
AT POSITION ~ 
OTHER TUBES ARE AT POSITIO~S 5 
HEAT FLUX OFLTA T !DEGREES FAREN) (fHU/HR SQ FT) DL T 1 DLT 2 DLT 3 
218. 3.74 1.15 3.65 
60". 10.(-,4 7.'J2 11.07 
1105. 14.90 1C.43 lA.01 
179n. 1q.~~ 12.77 2G.C7 
?'52?.. lR.77_ 1?.11 19 • RR 
338?. 19.A0 1~.'59 ? 1. 51 
4112. 20.82 14.71 22.09 
51t64. 21.64 15.58 23.17 
659'1. 21.24 16.49 24.43 
8174. :?.4.12 17.49 25.64 
RliN NO RO 
SQUARF PITCH 
HEATER NO 2 I~ N-PENTANE Cl OF 2 HEATERS) 
AT PfJS[TlO"l 'J 
OTHER TUBES ARE AT POSITIONS 4 
HEAT FLUX DELTA T (Dfr.REES FAREN) (BTU/HP SQ F T I f)L T 1 rn r 2 DLT 3 DLT 4 
?1?. 4. 't9 3.36 4.49 2.93 
"i ~/+. 12.47 10.97 12.60 10.15 
1089. 16.3C 15.36 1A.30 14.50 
1757. 1R.28 15.96 18.07 15.06 
24R?.. ?.0.0? 17.33 l9.0fl 16.00 
3306. 21.50 18.60 ?.G.74 17.75 
4230 0 zz.n6 19.46 21.59 18.90 
532C. ?.3.97 20.69 22.'1-0 19.75 
6 1t? Q. 25.49 21.87 23.58 21.10 














































RUN NO RO 
SI)UARF. PITCH 
HEATEP N8 1 IN N-PfNTANE (2 OF 2 HEATERS) 
AT Pf1SITI8N 1~ 
OTHEQ "flJAES ARE AT POSITIONS 5 

































RUN NO 81 
HEATER NO 1 TN N-PENTANE ((HECK RlJN) 
AT POSITION 't 
H[AT FLUX DF.LTA T ( BTU/HR SQ FT l DLT 1 OLT 2 
226. 8.72 7.60 
P30. 12.12 l'to 01 
1743. 14.75 19.29 
?51(-,. 17.33 20.15 
'3"358. 18.R4 22.25 
4329. 2.('.69 24.09 
5432. 22.36 25.12 
643G. 23.39 ?6.02 
7415. ?4.03 26.75 






















OLT 3 Ol T 4 

























































RUN NO 82 
SQlJAP E PI Tl. H 
HEATER NO 2 TN N-PENTANE (CHECK RIJNI 
AT POSTTlON 5 
HF.AT FLUX OELTA T (fHlJ/HR. SQ FTl OLT 1 OLT? 
207. 5.71 4.2~ 
801. 16.44 14.13 
1764. 19.~6 16.49 
2461 • ?.O.R2 18.1)4 
3'37. 2?.18 19.2R 
4268. :?3.60 20.92 
53?.0. ~4.R3 21.S9 
6464. 26.02 22.57 
7A79. 27.15 23.24 
9078. 28.47 24.23 
RUN NO 83 
SQUt\Rf PITCH 
HEATER NO 3 IN N-PENTANE (CHECK RUN) 
AT POSITION ' 
HEAT FLUX DELTA T (RTU/HR SQ FTI OLT 1 OLT 2 
21R. 5.89 5.71 
830. 1'>.12 15.43 
1784. U3.04 17.27 
2565. 19.62 18.64 
3435. 20.74 20.79 
43 91t. 22.12 2?.88 
5474. 23.GO 23.72 
66R5. 23.99 t5.01 
7871. 24 • ItO 25.51 
8292. 24.83 25.85 
(DEGREES FARE=NI 






































































RUN NO 84 
SQlJARF PITCH 
HEATER NO 4 TN N-PF.NTANE (CHECK RUN) 
AT POSITION 8 
HEAT FLUX n~LTA T (OEGPEES FARENJ ( BTU/HP SQ FT) f)LT 1 DLT 2 nL T ~ 
221. 4.A7 ?.01 4.24 
R42. 13.8q P..66 11.17 
1780. 18.77 13.28 ZC.18 
2502. 20.30 14.19 22.56 
1001. 1Q.l3 ]4.85 ?1.48 
43 39. 20.10 1'5.74 23.85 
53?0. 21.44 16.01 23.18 
6396. 2?.."'35 16.71 23.97 
7605. ?.1.34 17.70 24.95 
8249. 23.83 18. 11 2 5.49 
RUN NO A5 
I)QlJAR F DITCH 
HEATER Nn ? TN N-PF.NTANE (1 OF 4 HFATERS) 
AT POSITION 5 
OTHeR TUBES AP,f AT POSITIONS '+ 7 8 
HFAT FLUX DELTA T {DEGREES FARFN) ( BTlJ/HR SQ FTI OL T 1 OL T 2 DL T 3 DLT 4 
218. 4.09 ? • ~n 4.31 z.zz 
5 82. A. 51 6,70 R.73 6.26 
lOQ5. 12. 1 R 9.18 12.27 8.17 
1720. l1.0R 11.92 12.69 10.58 
2515. 15.53 13.60 15.19 12.01 
33513. 1R.61 16.09 18.14 14.17 
4?.FlC'. 22.00 1 B. 8 a. 21.12 17.21 
5332. 23.51 20.49 22.36 18.87 
6560. ?4.54 20.93 22.8C 19.91 




1 7. 41 










































RUN NO R5 
SQUARE PITCH 
HEATfR Nn 1 IN N-PENTANE (2 nF 4 HEATERS) 
AT POSTTION 4 
OTHER TUBES ARE AT POSITIONS 5 7 8 
HEAT FLUX DELTA T (DEGREES FARFN) (BTU/HR SQ FT) DLT 1 DLT 2 DLT 3 
218. 4.35 3.83 5.00 
c:; 8?. • 9.16 7.()9 Q.64 1095. 12.10 9.81 12.36 
1739. 12.26 12.R7 13.l2 
2524. 14.59 16.39 15.R7 
3404. l 7 ·'+6 20.19 19.38 
4340. ZO.OR 23.61 ?2.1A 
5363. 21 • 6 1+ 25.04 23.9R 
6464. 2?.67 25.39 24.58 
7n07. ?4.18 26.94 25.88 
RUN Nn 85 
SQUARE PITCH 
HEATEP Nn 3 T~ N-PENTANE (3 OF 4 HEATERS) 
AT POSlTTON 7 












HfAT Ft.!JX OFLTA T (DEI.REES FAREN) (8TU/HP SQ FT) nt T 1 nLT 2 DLT 1 
?1R. '•. 14 4.14 3.9A 
') fl2. 1C.93 10.67 10.67 
11CR. 17.A1 14.2.9 J.3.A7 
1776. 16.94 16.1? 14.45 
?l:i?2. 10.no 18.78 16.95 
31R7. ?.C.98 21.09 19.04 
4327. 21.()9 ?.2.13 20.?4 
53311. ?2.7'3 ?3.60 ?1.21 
6h0?. ?2.97 24.16 22.33 














































RUN NO R5 
SQUARE PITCH 
HEATFR NO 4 IN N-PENTANE (4 OF 4 HFATERS) 
AT PIJSITHJN R 
OTHE~ TIJI3ES ARE AT POSITIONS 4 5 7 
HEAT FLUX DELTA T (DF:GREES FAREN) (BTU/HR SQ FT) OLT 1 DLT 2 DLT 3 
2?4. 3.31 1.22 3.14 
'5R9. 8.69 5. 1+4· 9.21 11 2 ~. 14.85 8.R2 13.65 17 6R. l6.l7 11.87 18.11"! ?.46A. 17.50 13.~5 20.67 3349. 18.70 14. 1t6 21.R2 4251. 7.0.20 15.'50 22.12 5~20. 21. n4 16.26 23.34 6464. 21.99 16. ItO 2~.47 76RO. 23.26 17.02 24.62 
RUN NO 86 
SQUARF PITCH 
HF6TER NO 2 IN N-PENTANE (l OF 3 HEATERS) 
AT POSITION 5 
OTHFR TUBES ARE AT POSITIONS 7 4 
HEAT FLUX DELTA T (f)fGREES FARFN) (BTU/HR SQ FT) DLT 1 f)LT 2 f)l T 3 DLT 4 
21C. 3.93 2.97 ":,.97 2.62 














































RUN NO 86 
SQUARE PITCH 
HEATER NO 1 TN N-PFNTANE (2 OF 3 HEATERS) 
t\T POSITION 4 
OTHER TURES ARE AT POSITIONS 5 7 
HF:AT FLUX DELTA T !DEGREES FARENI (13TU/HR SQ FT) DLT 1 OLT 2 OL T 3 
21A. '1.15 3.80 '5.41 5R2. 9.4.3 R.7R 9.R2 1 r 95. 10.16 l 0. 8'5 10.Q4 1719. 12. 't9 12.84 1'3.48 24 RA. 14. 1t4 16.7h 15.73 3369. 17.37 20."32 19.21 4?. 57. 19.72 23.52 21.82 53'11. 21.77 ?.'?.26 23.81 64Q8. ?.3.34 26.40 25.00 8136. 24.73 ?.7.48 26.21 
RUN NO 86 
SQUARE PITCH 
HEATER NO 3 IN N-PENTANE (3 OF 3 HEATERS) 
f\T POSITION 7 












HEAT FLliX OELTA T CDEGREES FARENt ( ATU/HR Sl) FT) DL T 1 DLT?. DLT 3 














































RUN NO 87 
SQUAR F DITCH 
HEATER NO 1 TN N-PENTANE (1 OF '3 HEATERS) 
AT POSITION 4 
OTHER TUBES ARE AT POSITIONS 7 8 
HEAT FLUX DELTA T (DEGREES FARENl (ATU/HR SQ FT) OL T 1 DLT 2 !)LT '3 
218. 4.11 3.02 4.46 
'5R2. 8.'}2 7.R4 9.49 
llOR. 10.61 1C'.79 11.05 
1716. J.2.n9 13.47 13.25 
2494. 14.79 16.68 16.26 
1394. 17.1<) 2G.l2 19.2'5 
432q. 20.06 23.64 22.45 
5363. 21.6CJ 2 5. 44 24.04 
6581. 23.24 26.41 25.29 
754R.. 23.84 26.69 25.58 
RUN NO R7 
SQUARE PITCH 
HEATER NO 3 IN N-PENTANE (2 OF 3 HEATERS) 
AT POSITION 7 










24 .o 1 
24.31 
HEAT FLUX OELTA T (DEGREES FARENJ (BTU/HP SQ FT) DL T 1 !)LT 2 [)LT '3 
21R. 4.24 4.50 4. 0 2 
582. 11.09 11.91 10.79 
11? 1. 15.01 17. ll 14.62 
177?. 17.64 17.94 16.69 
2546. 19.04 20.11 17.46 
348·1. 21.26 21.47 19. 3ft 
4'21. ?2.75 :?2.88 20.66 
5411. ?3.70 23.40 21. 56. 
65 R1. 24.86 24.26 22.!36 



















2 2. 10 
22.89 


























RUN NO 87 
SQUfiRF. PITCH 
HEATER NO 4 IN N-PENTANE (3 OF 1 HFATERS) 
AT POSITION 8 
OTHER TUBES ARE AT POSITIOI\lS 4 7 
HF.AT FLtJX DELTA T (DEGREES FAREN) (fHlJ/HR SQ FT) OLT 1 OLT 2 I)L T 3 
2?4. 3.28 1.75 3. 0 6 
59"'3. 9.10 A.S9 o.62 
!lOR. 15.23 10.74 15.23 
17M3. 17.94 12."'35 18.80 
2'~91 • 17.76 13.80 21.01 
3356. 18.R7 14.32 21.34 
4227. 20."'36 15.22 7.2.75 
5320. 21.44 16.00 23.57 
6381. 2?... 60 1A.86 24.09 
7605. 22.90 17.21 24.48 
RUN NO 88 
4 5 D F GR E F R r:J TATE f1 S Q lJ A R f P I T C H 
HEATER Wl 2 ("J N-PFNTANE (1 OF 4 HEATERS) 
AT PnSITinN 5 
OTHER TUBES ARE AT POSITIONS 8 6 9 
HEAT FLUX DELTA T COEGREES FARFN) (BTU/HR SQ FT) DLT 1 OLT 2 DLT 3 OLT 4 
?.!P.. 1.66 2.27 3. 75 1.57 
?B2. 7.C:,7 5.58 7.66 4.3C 
1G95. 10.24 8.39 10.24 7.35 ]707,. 11. 92 10.20 11.84 9.08 
24 72. 15.65 13.68 15.31 12.22 
33 74. 19.14 16.58 18.7?.. 15.51 
4303. 22. 28 18.96 21.43 17.77 
5363. 23.93 20.45 22.57 19.60 
6498. 24.95 21.30 22.<:}6 zo.zc 













































RUN NO RR 
~5 DF.G~EE ROTATE~ SQUARE PITCH 
H[ATER NO 1 T~ N-PENTANF {~ OF 4 HEATERS) 
AT PnSJTION 8 
OTHER TUBES ARE AT POSITIONS 5 9 6 











OELTA T {DEGREES FAREN) 






























2 5 .oc 
RlJN NO A8 
45 OEG~EE ROTATED SQUARE PITCH 
HEATER NO 3 IN N-PE~TA~E (~ OF 4 HF.ATERS) 
AT POSITION 9 











HEAT FLUX DELTA T {DEGREES FAREN) (BTU/HR SQ FTI DL T 1 DLT 2 DLT 1 
21R. 4.49 4.RO 3.88 
'582. 1!').73 12.50 10.04 11 21. 14.1f> lf,. 57 13.09 1776. 15.15 17.03 13.56 









2 2. 14 







































RUN NO AA 
45 DE~REE ROTATED SOUARE PITCH 
HEATER NO 4 TN N-PENTANE (4 OF 4 HEATERS) 
AT POSITION 6 
nTHER TUBES ARE AT POSITIONS A 5 9 
HEAT FLUX DELTA T (DEGREES FARENI (BTU/HR SQ FT) DLT 1 OLT 2 
227. 2.18 0.61 
593. 7.10 3.40 
110A. 10.68 6.')7 
l76B. 12.87 R.OR 
254?.. 1t-. A4 11.70 
3~69. 17.95 13.12 
43 55. 19.94 15.46 
5257. 20.69 16. 't 3 
6416. 22.15 17.81 
756A. ?2.84 17.56 
RUN NO 89 












HEATER Nn?. TN ~-PENTANE {1 OF ~HEATERS) 
AT POSITION 5 
OTHER TUAES ARE AT POSITIONS 8 6 
HEAT FLUX DELTA T (DEGREES FARENI (BTU/HR SQ FT) DLT 1 OLT 2 OLT 3 DLT 4 
218. 3.67 2.53 3.97 1. 79 
5 R?. • 7.RR 6.41 8.23 rs. 97 
lC'f5. 14.06 11.?.6 13.76 10.2? 
if', 99. 14.71 12.67 14.09 11.~8 
2482. 19.06 15.?.9 113.97 13.91 
3~58. 21.61 19.52 20.97 16.01 
4274. 22.'57 19.20 2l.g7 17.66 
5395. 24.52 ?.1.31 23.46 19.RC 
6553. 25.12 21.3R ?.3.59 20.35 














































RUN NO B9 
45 OEGqEE ROThTF.D SQUARE PITCH 
HEATE~ NQ 1 IN N-PENTANE (2 OF 3 HEATERS) 
AT POSTTION 8 
OTHER TUBES 1\RE AT POSITIONS 5 6 











DELTA T (DEGREES FARENl 































RUN NO 89 
45 OEGREF ROTATED SQUARE PITCH 
HEATER NO 4 IN N-PENTANE (3 OF 3 HEAT~RS) AT POSITION 6 











HE_:AT FLUX OELTA T (DEGREES FARENl (BTU/HR SQ FT I DL T 1 DL T 2 OL T 3 
















































RUN NO 90 
4 5 D F. GP FE q n T A TEn S 0 lJ !\ R E P l T C H 
HEATER NO ? IN N-PENTANE (CHECK RUNI 
~T POSITION 5 
HFAT FLUX DELTA T (DEGREES FARENI (RTU/HP. SO FTI DLT 1 OLT 2 
?~P.. .S.13 4.00 
~01. ?.tl.4~ 17.75 
175?.. 2C.~5 15.q9 
?'102. 23.45 19.79 
l'36Q. 22.50 19.26 
42S7. 2'3.3'3 20.27 
5307. 7..4.86 21.6A 
6429. 25.70 2?..30 
7816. 26.76 23.07 
903R. ?..7.75 ?3.Al 
RUN NO 91 
45 DEGREE RQTATEO SQUARE PITCH 
HEATER Nn l IN N-PENTANE fCHECK RUN) 
AT POSITION 8 
HEA.T FLUX DELTA T (BTU/HR SQ FT) DLT 1 nt.T 2 
21R. 7.70 6. ft5 
R3C. 1'3.56 14.41 
17}Q. 17.54 18.09 
?'t91. 18.19 1G.51 
3344. 19.39 21. 1+) 
4357. 21.23 23.62 
5320. 22.24 24.71 
f>519. 2.3.14 25.48 
7481. ?. 4. 1t9 ?.7.17 
8CF32. 24.5n 27.C2 












OLT 3 DLT 4 
7.75 6.01 





























2 5. 45 


























RUN NO 92 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 4 IN N-PE~TANE (CHECK RUN) 
AT POSITION 6 
HEfiT FLUX DELTA T (DEGRF.ES FAREN) PHU/HR SQ F T) OLT 1 Dl T 2 
217. 5.0? 2.4'5 
8"52. 13.03 10.01 
1801. 20.30 16.41 ~'522. 19.86 18.24 
1395. 18.02 15.07 4267. 20.1R 15.R1 541'3. 21.43 17.21 6'~ q R • 22.4q 17.RR 
7334. ?.3.17 18.22 A249. 23.85 18.90 
RUN NO 93 
45 DEGREE ROTATED SQUARE PITCH 
HEATER NO 3 TN N-DFNTANE (CHECK RUN) 
AT POSITION 9 
HFAT FLUX DELTA T ( BTU/~R SQ FT) Ol T 1 DLT 2 
?18. 5.54 6.?4 
R30. 11..99 14.49 
1788. 16.47 20.93 
25?.6. 18.87 19.94 
"3406. 21.70 21.31 
4395. 2'3.21 23. 15 
5443. :uto 01 23.67 
6A71. 75.71 24.76 
77f5fl. ?'5.37 24.90 
64?8. 26.17 25.62 
DLT 3 






































































RUN NO 94 
TRIANGULAR PITCH 
HFATFR NO 3 IN N-PENTANE (CHECK RUN, 
AT POSITION 1 
HFAT FLlJX nELTA T (DEGREES FARENl (BTU/HR SQ FT) f)LT 1 DLT 2 DLT 3 
218. 7.01 7.08 6. 4 7 
~3(. 14.77 13.f33 u •. ~ 1 
l77A. lR.1g 1A.?3 lR.ll 
?585. 1 R. 1 7 ~C.19 18.94 
3453. 19.57 ?1. 75 21.02 
453'). 21.22 22.84 22.79 
5556. 2?..29 23.6? ?.3.99 
6706. 23.30 24.36 25.04 
768~. 24.05 24.77 25.49 
8192. ";'4.67 25.43 26.20 
RUN NO 95 
TRIANGULAR PITCH 
HEATER Nn 2 TN N-PENTANE (1 OF 4 HEATER$) 
AT POSITION 6 OTHER TUAE~ ARE AT POSITIONS 4 3 5 
HFAT FLUX OF.LTA T (DEGREES FAREN) (RTU/HR SQ FT) nLT 1 OLT 2 AVG nELT 
z 2 1+. 2. 9] 3.91 3.41 
f57?. ?.47 8.06 6.77 
lC-66. 7.55 11.35 9.45 
17'"~A. 9.89 14.66 12.2~ 
?4AR. 11.27 17.10 14.19 
3?. 75. 17.22 18.22 15.23 
436'"'. 13.23 zc.zo 16.72 
')320. 13.n3 20.91 17.28 
649?. 13.97 21.67 17.83 








2 3. 31 
24.2'3 
24.77 



























RUN NO 95 
TRIANGULAR PITCH 
HEATER N~ 1 IN N-PENTANE (2 OF 4 HEATERS) 
f\T POSITION 4 
flTHER TUBES ARE AT POSITIONS n 3 50 
HFAT FLUX DELTA T (DEGREES FAREN) (RTU/HR SQ FT) Dl T 1 DLT 2 DLT 3 
?le. 4.60 4.34 5.38 
55'3. R.71 9.10 9.36 
1G7G. 12 • 3't 12.?.5 12. n4 
176R. 14.75 15.'>6 14.66 
?4n8. 17.58 17.88 18.13 
1374. 20.74 20.83 20.91 
4312. 22.51 2?.83 22.70 
5445. ?~.6~ 24.~R 23.62 
661(-.. 24.46 25.27 24.63 
7607. 24.91 25.75 24.99 
RUN NO 95 
TRIANGULAR PITCH 
HEATER Nn 3 lN N-PENTANE (3 Of 4 HEATERS) 
AT POSITION 3 












HFAT FLUX DELTA T CDFGREES FAREN) (BTU/HR SQ FT l DLT 1 OLT 2 DLT 3 
2lf1. 4.12 4.56 3.8A 
58?. 6.68 6.38 6.42 
1121. P.81 8.68 8.50 
1772. 11.66 11.27 12.09 
?.562. 15.10 14.71 15.70 
3403. J.P,.19 18.01 19.33 
4415. 20.~2 ?.1.03 ?.1.A4 
5436. ?1.flA 22.73 23.37 6553. 2Z.64 23.44 Z4.0R 














































RUN NO 95 
TRIANGULAR PITCH 
HEATER NO 4 IN N-PfNTANE (4 OF 4 HEATERS) 
AT PnSITION 5 
OTHE~ TUBES ARE AT POSITIONS 3 4 6 
HEAT FLUX D~LTA T (DEGREES FAREN) (!HU/HR SQ FT) OLT l DLT 2 DLT 3 
24R. '3. 01+ l. 70 2.65 
582. 1).00 2. ·n 4.61 
1127. 7.FI6 4.7Fl 7.98 
176R. ll. 31 7.60 11.48 
?502. 14.97 1C.02 14.75 
3'398. 17.97 11.79 17.20 
4?46. 19.RO 13.10 19.12 
5413. 21.?.0 14.99 21.67 
647P,. 22.26 lo.26 22.64 
7546. 23.1R 16.85 23.60 
RUN NO 96 
TRIANGlJLt\R PTTCH 
HFATFR Nn l INN-PENTANE (1 nF 3 HEATERS) 
AT POSITION 4 
OTYFR TUBES ARE AT POSITIONS 3 5 
HEJ\T FLIJX DELTA T (DEGREES FARF.N) ( BTU/HP. SQ FT) DLT 1 DLT 2 OLT 3 OLT 4 
?07. 4.51 4.17 5.03 3. en 
5 f)~. 11.1R 10.58 11.48 10.54 
1105. lf:J.l7 15. 1+0 16.51 15.23 
1768. 17. f:J 1 18.04 17.74 17.01 
?50fl. 19.72 19.6A 19.55 lA.An 
3 3 84. 22.01 22.52 22.01 21.41 
42 57. 23.68 24. 19 23.64 22.88 
52FI<J. 25.09 25.56 25.01 24.75 
6429. ?5.02 25.95 25.23 24.43 





















2 5. 16 > 
























RUN NO 96 
TRit\NGULAR PlT(H 
HFATER N0 ~ YN N-PF.NTANE (2 OF 3 HEATERS} 
.1\T POSITJON ~ 
OTHER TUBES ARE AT POSITIONS 4 5 
HEAT FLUX DELTA T (DEGREES FARENl (BTU/HR SQ FT} DLT 1 OL T 2 DLT 3 
ZIR. "3.91 4.2'5 3.60 
?7R. 8.78 9.('8 R.4R 
1121. 11.06 12.43 lO.RO 
l76R. 11.71 13.62 13.62 
?.562. 16.42 t6.6B 16.72 
VtR1. 1.9.06 19.36 20.'56 
4465. ?.1.56 ?.2.19 21.90 
5360. 23.11 24.15 24.91 
6601. 23.33 24. OJ 24.69 
757R. 23.90 24.62 ?.5.47 
RUN NO 96 
TRIJ\NGULf.IR PITCH 
HEATER NO 4 IN N-PENTANE (3 OF 3 HEATF.RSt 
!I.T POSITION 5 OTHFR TUBES ARE AT POSITIONS 3 4 
HEAT FLUX Ot-LTA T (DEGREES FAREN) 
CBTUIHP SQ FT) DL T 1 DLT 2 DL T 3 
21R. 3.39 1.74 ~.!)9 
5R?.. 8.1~ 4.03 6.54 
1124. 14.71 B.73 13.94 
1776. 13.77 12.20 18.7? 
?.491). 19.43 15.78 23. 1-t-8 
13'18. t9.49 12.50 18.68 
4257. 21.21 14.30 ;?().70 
52?9. 2?.73 16.52 22.C)Q 
6429. 2?.65 16.79 23.25 













































RUN NO 97 
TRTA~GI.Il/I.R PITCH 
HEATER NO 3 IN N-PENTANE (CHECK RUN) 
AT POSITtnN 3 
HEI\T FLUX DELTA T (OEGRFES FARENJ (RTU/HR SQ FT) rJLT 1 DLT 2 rJLT 3 
218. 5.47 '>.73 5. 0 3 
A30. 11+. ~)7 15.10 13.65 
176C. 1R.10 20.49 17.85 
25?.1. 1C).59 21.13 19.68 
353P.. 20.25 22.21 21.82 
4460. 21.R2 22.88 23.39 
54C)?... 27.R3 21.81 24.62 
6775. :n.4s 24.37 25.18 
7750. 24.35 25.16 26.01 
A?l5. 24.50 25.14 25.9g 
RIIN NO 9A 
TRIANGULAR PITCH HEATER NO 4 IN N-PENTANE (CHECK RUN) 
AT POSITION 6 
HEAT FLUX DELTA T (OEGRFES FAREN) 
fBTIJ/HR SQ FT) OLT 1 OLT 2 DLT 3 
?1R. 3.45 1.53 2.67 
83(1. 15.05 8.10 13.07 
1776. 21.43 14.66 22.?0 
~490. ?.3.7R 17.R9 26.89 
1408. 2l.R4 13.96 19.79 
431'1. 21. 42 14.74 21.00 
5370. 22.62 16.29 22.66 
A464. 71.06 16.86 ;n.6s 
7517. ?1.77 18.05 24.92 








? 3. 76 
24.34 









































RUN NO 9g 
TRIANGULAR PITCH 
HEATER NO 1 IN N-PENTANE (CHECK RUN) 
AT Pr:JSITION 4 
HFAT FLUX DELTA T (DEGREES FARfN) (P,TlJ/HR SQ FT) OLT 1 DLT 2 DLT '3 DLT 4 
195. 6.14 5.31, A.75 5.10 ROR. 14.99 15.03 15.33 14.99 
1788. 18.82 ?.2.48 l8.B6 ?.1.97 
2535. 21).'58 23.14 2 0. 't-1 2?..29 3364. 22.86 22.~6 22.52 21.84 41 q 1. 24.3?. 24.51 23.68 23.26 533B. 24.89 25.48 ~4.55 24.04 6498. ?.5.56 26.23 25.39 24.97 7679. 25.78 ?.6.79 25.95 25.57 8955. 26.81 27.74 26.81 26.18 
RUN NO 100 
TRTANGULAR PITCH 
HfATEP. NO 1 IN N-PENTANE (RURNDUT ATTEMPT) AT POSITION 4 
HEAT FLUX DELTA T (DEGREES FARENl (BTU/HR SQ FTl OL T 1 DLT 2 OLT 3 OL T 4 
207. 6.h9 5.51 7.03 5.06 
33C.. l5.QC) ]6.'19 16.76 16.13 
1776. 21.10 21. 1 R 21.35 20.84 
?945. ?.1.5R ?2.21 21..87 21.02 4378. 21.57 Z3.R7 23.57 2?.,o8 5Q?7. 25. 53 ?.5.9A 25.02 2't. 90 
779ft. 26.73 27.41 26.82 25.97 9780. ?. 7 .33 28.'+7 27.92 26.90 
11305. 27.7C) 29.23 28.97 27.54 
129R'5. 28.59 3C. It 5 30.07 2R.51 






































RUN NO 101 
TRI/\NGlJLAR PlTCH 
HEATER Nn 4 IN N-PENTANE (RURNOUT ATTEMPT) 
.t\T POSITION o 
HE/I.T FLUX DELTA T (DEGREES FARF.Nl (RTU/HR SQ FT) DLT 1 DLT 2 llLT '3 
:l.7~. 7.76 4. 1 '3 6.54 
11 c~. 1o.21 8.80 1'5.09 ?cqs. ~O.o6 12. ft2 19.04 
3311. 22.67 16.1C ?.4.16 
46n3. 23.22 16.56 22.88 
6tt q7. ? 3. 91 18.?7 24.80 
f33'55. 24.55 18.')2 25.81 
10461. 2?.85 19.50 27.13 
127115. ?..6.27 ?.C.27 28.14 
14409. 26.BO 2C.93 29.42 
AVG DLT 
0. 15 
















Heat flux for a sample data point 
Data: V= 110 volts 
I= 10 amperes 
A= 0.234 ft2 
Q/A = 1t_2p.52vn = 8280 B. t. u. /hr ft 2 
A 
Heat transfer coefficient fora sample 
Data: 
Q/A = 8280 B.t.u./hr ft2 
h = (Q/A) = 33.1 B.t.u./hr ft2 op 
L'l.T 
data point 
C. Sample calculation of reading error 
Data: V = 110 ± 0.5 volts 
I = 10 ± 0.1 amperes 
1. Calculation of heat flux 
Q/A = l/2(3.52VI) = 8280 B.t.u./hr ft2 
A 
2. Calculation of uncertainty of the heat flux 
l::..Q/A = 7.51(~1 + IDV) = 120 B.t.u./hr ft2 
3. Calculation of percent error 
Err=~ 100 = 1.4% 
Q/A 




Tc c 8470R 
.6.T = 20°R 
Tb = 557°R 






DISCUSSION OF ERRORS 
As discussed extensively by Park (31), the errors associated 
with data in the nucleate boiling region are of two types: 1) errors 
due to mechanical and physical measurements and 2) inherent errors 
which stem from the irreproducibility of the nucleate boiling curve. 
Several investigators ( 10, 31) have reported that the inherent error 
appears to be of the magnitude of 10-15 percent. Possibly, small 
surface chemistry changes are responsible for these inherent errors. 
The primary physical errors in the heat flux measurements are intro-
duced by inaccurate voltage and amperage readings and neglection of 
heat losses from the heater ends. Park showed that the error intro-
duced by neglecting end losses was approximately 2 percent for his 
work. This value is also reasonable for this investigation since the 
heaters were of similar design. The uncertainty in voltage readings 
was± 0.25 volts for voltages below 0.75 volts and± 0.5 volts for 
voltages above 75 volts. The maximum error in the amperage readings 
was 0.25 amperes. The above inacurracies in the data introduced 
errors in the heat flux of 1.4 and 6.7 percent for heat fluxes of 8280 
and 250 B.t.u./Hr Ft2 respectively (see appendix B for the method of 
calculation). 
The thermocouples could be read within 0.001 millivolts which 
corresponds to a temperature of approximately 0.050F. The tempera-
ture at the heat transfer surface was assumed to be equal to that of 
the thermocouple junction. The error introduced by this assumption 
is negligible due to the high conductivity of the copper tube and the 
c~ 
relatively small distance between the thermocouple junction and the 
surface. The heater surface temperature used in the calculations 
and plots in this investigation was the average temperature of the 
surface thermocouples for each heater. The calibration of the thermo-
couples (see Appendix D) indicated that the maximum error introduced 
in the temperature difference between each surface thermocouple and 
the bath thermocouple was 0.5°F. 
APPENDIX D 
CALIBRATION OF THERMOCOUPLES 
D-1 
THERMOCOUPLE CALIBRATION 
The calibration of the copper-constantan thermocouples used in 
this investigation was accomplished by first calibrating the bath 
t~couple and then using the calibrated bath thermocouple to cali-
brate the heater thermocouples. 
The reference junction of the pool thermocouple was placed in 
an ice bath and the thermocouple in ice water, boiling acetone, and 
boiling water. The millivolt values obtained allowed the deviation 
of the thermocouple from the standard tables (N.B.S. Circular 561) 
to be calculated as shown in Table D-1. 
The calibrated bath thermocouple was placed back in the ~uta­
clave and the deviation of the heater thermocouples from the bath 
thermocouple was measured. Table D-2 shows the deviations, thermo-
couple value minus bath thermocouple, that was found. 
D-2 
Table D-1 





























Deviation of the Heater Thermocouples 















































COMPOSITION OF THE C 7 MIXTURE 
Table E-1 



















PHYSICAL PROPERTIES OF THE 
c7 MIXTURE 
F-1 
The critical properties of the c7 mixture were calculated by 
the pseudocritical method. The surface tension was calculated by 
using parachor method as described by Partington (32). 
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